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WITH NUMEllOUS ILLUSTRATIONS. 



I. 

l>2Sr THE KATURATi HISTORY OF THE MAN- 
LIKE APES. 

Ancient traditions, when tested by the 
severe processes of moderii investigation, 
commonly enough fade away into mere 
dreams ; but it is singular how often the 
dream turns out to have been a half-waking 
one, presaging a reality. Ovid foreshadowed 
the discoveries of iho geologist : the Atlantis 
was an imagiuatioa, but Columbus found a 
western world ; and though the quaint forms 
of Centaurs and Satyrs have an existence only 
in the realms of art, creatures approaching 
man more nearly than they in essential struc- 
ture., and yet as thoroughly brutal as the 
goat's or horse's half of the mythical com- 
pound, are now not only known, but notori- 
ous. 

I have not met with any notice of one of 
these Man-like Apes of earlier date than that 
contained in Pigafetta's *' Description of the 
kingdom of Congo,"* drawn up from the 

* Reoxum Congo : hoc est Vera. Dkscriptio Reoni 

AFRICANt QUOD T\M AB IN JOLTS QUAM LUSITANIS, 

CoNoua ATPELLATUB, per Philippnm Pigafcttam, 



notes of a Portuguese sailor, Eduardo Lopez, 
and published in 1598. The tenth chapter of 
this work is entitled '* De Animalibus qua? in 
hac provincia leperiuntur," and contains a 
brief passage to the effect that '* in the Son- 
gan country, on the banks of the Zaire, there 
are multitudes of apes, which afford great de- 
light to the nobles by Imitating human ges- 
tures." As this might apply to almost any 
kind of apes, I should have thought little of 
it had pot the brothers De Bry, whose en- 
gravings illustrate the work, thought fit, in 
Iheir eleventh " Argumentum," to figure 
two of these ** Simian magoatum delicioB." 
So much of the plate as contains these apes 
is faithfully copied in the wood-cut (Fig. 1), 
and it will be observed that they are tailless, 
long-armed, and large eared, and about the 
size of Chimpanzees. It may be that these 
apes are as much figments of the imagination 
of the ingenious brothers as the winged, two- 
lcgged,crocodile-headed dragon which adorns 
the same plate ; or, on the other hand, it may 

nunc Latio scrmono donatn ab August. CasBiod. Rcinio. 
Iconibus ct imaginibus rernm memorabilinra qaa«l 
vivisi, opern ct industria Joan. Theodori et Joan. Isra- 
elis dc Bry fratrnm cxoniata. Francoforti, udxctih. 
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be that Urn artists have coDstnicted their 
drawings from Bonie casriitiiilly fnitliful do- 
M^riptluu nf II Gorilln ornCbiinpiiDZtie. And. 
in eillier cast-, Iboii^ii tlicMi figures iiro worth 
n pnssinjt coticp, the oldest iraatworlhy nnd 
dcQulte accouulB of nny nuininl iif this kind 
dntc from ibe seven Leenlli ccotucy. nnd are 
dtiP to on EDglishmnii. 

Thu flist edllinn of that mwl ainusiDg oM 
hooU, " Purclina his Piliriimiiec." wfis pub- 
lished In 1613. aud thciclii lite lolic found 
jnutiv V'fercncea to the bIiiIciuciiIb i)f one 
wh'iiii Purclias terms " Andicw Unllcll (mj 
ni'Oiu ni'i^'hljour, dwelling nl Lr-igb in Ephc^) 
wiio Ptrvoil under Miiuuel Silvern" PcfuPft. 
GovL'Timr iiiiiii-r tlie Kiug of Bpaini-, ni his 
city r,f Snint Pnul, pnd with him went fafro 
iulo the cniinlrey of Angola;" iiml "gain. 
" my friend, AodrewEtilUe. wholived in the 
kingdom of Congo miiny yeatcs," nnd who. 
" upon Horae qunrell betwixt Iho Portngals 
(among whom lie whs a. sergpani of a biind) 
ond him, lived eight or nine moiiethB in the 
wooda." From thia wealber-bealen old sol- 
diei. Purchaa waaomazed tnhear"of akinde 
of Great ApuM, if Ihey might so bee termed, 
of the height of a man, but twioo as bigge in 
feature of thelf limmea, with alreaglli propor. 
lloaable, huino all over, oiherwiao alto'^ether 
■ iikp- men imd womeu in tUeir whole bodily 
ahape. They lived »u such wildu friiita as the 
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trees and woods yielded, and in Ihe uisht 
'ime lodged on the trees." 

This extract is. buwever, less detailed and 
clear in its statententa ili.-in a passft'^c ia the 
third chapter ot the secoud part of another 
work— " Purchas hia Pilgrlmes," published 
in lli33, by the aaiM author— which has been 
often, though hardly ever quiteTlglilly.ciled. 
The chapter Is eniiiled, ''The Etrnn^ ad- 
ventures of Andrew Ballcll, of Iieigh m Es- 
lex, sent by the Portu^.ils prisoner to An- 
gola, who lived there and in the adioyning 
regions neere elRhteene yeeres." And the 
5i)ilh section of tliia chapter Is headed. ■' Of 
Ihe Provinces of Buug'i, Ciil.jngo, Slajemhe, 



Mauikcsoctce. iMotinilns : of the Ape Monster 
Pongo, tlielrhuntiii); : Idolatries; anddiserr. 
Other obaervntinna. " 

■■ ThU provinee {Oalongi) toward ths east 
borderelh upon Bon;:;o. and toward the north 
upon Mayomlie, wlileli is nineteen leagues 
from Loago along the coaat. 

" This province of Mayoinbe Is all woods 
and ^oves, so orsrgrowae lliai a man may 
travaile twcnlie days In the shadow without 
anyaunneorheat. Hero is no kindnf cotub 
DOT graine, ao that the people livelh onely up- 
on pTanlancs and roots of snodrle mrts. very 
good : and nuts ; nor any kinde of lame cat- 
teit nor hena. 

■■ But they have great store of elephant's 
flesh, which they greatly eateeme. and many 
kindj of wild beasts ; and great store of Hah. 
Here Is a great sandy bay, two leagues to tiie 
Bortliwardot Cape Negro, which is the port 
•f Mayombe. Sometlmea the Porlugala lade 
togwood In this bay. Here is a great river, 
called Banna : in tho winter it liath no barre, 
because the geacrall winds cause a great sea. 
But (vbcn the sunno halh his south declina- 
tien, ibcn a boat may goe in ; for then it ia 
Bmooili >Kuau3u of ihc raluo. This river is 
very ^raat, and hatb many iland:^ and people 
dwelling in them. The wooitc-i'esocovBred 
with iMboonoB, monbissj i.pt , and parrots. 
that it will foareanyma:i *-' t-availe in then 
alone. Here are i^lso tvro kmdaot moiistara, 
which are common in thcso woods, and very 
(ianirerous. 

" Tlio greatest of these tTvo monsters is 
called Pongiiin their language, and the lesaei 
Is called Engecn. This Fongo i;, '.~i all pro- 
portion liko II man ; but that lie is jiore like 
a giant in sialoro tliaii a man ; for he Is very 
tall, and hath a man's face, hollow-eyed, with 
long baire upon his bnjwcs. His face and 
eares are without haire, and his hands also. 
HiB bodie IS tuli ol baire. but not very 
tjiicke ; and it is of a dunuisli colour. 

'' He dilfereth not from a man but in his 
legs ; for they have no ealfe. Hee goeth 
^waiea upon his legs, nnd cnrrietli hia liuuds 
cla&ped in the nape of bis ticcke when he 
goeth iipfin the i;round. They sleepe in the 
trees, and build ahellors for the raiue. They 
feed upon fruit Ihat thtiy tind In ihc weods, 
and upon nuts, for they eale no kind of flesh, 
They cannot speake, and have no underataiid- 
iug more than a beast. The people ot the 
countrie, when Ihey travaile in Ihe wouds, 
make Arcs where they sleepe in the night ; 
and In the morning when Ihey are gone. Ihe 
Poogoes will come and sit amrat the lire till 
it goelli out : for they have no undcrslandlng 
to lay the wood together. They gee many 
together, and kill many negroes that iraviulo 
In the woods. Many times they fall upon 
the elephants which come to feed where they 
be. and so beate ihem with their clublieS 
flsis, and pieces of wood, that they will runn3 
rowing awav from them. Those Pongoea 
are never taken alive because they are bo 
slrong. thnt ten men cannot hold one of 
them ; Inil yet they take many of their young 
ones with poisoneii ai 
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" The young I'ongo linnecth on his moth- 
ta'e beliy wilii liia banila fust dasped aboul 
ber, sn that wlifn Iliu caiinLrio people kill 
Buy of tlie female!) tliL-y take thtr young one, 
wbicli lianK^tli fast upon lila inoUicr. 



DQd wuod, wliicli is commonly found 

II does not nppoar difticull to identify Ibe 
exact region nf nhich Baltell Gpeaks. Lon°:o 
is doubtleaa the name of Itic place usually 
spelled Lonngo on our mnps. Miiyombo still 
lies BDiuQ nineteen leagues nnrilitvard from 
Loango, alour llio coast ; :in<l Cilongo or 
Kilongft, Manikesoclcc. and Mnllmbas are yet 
rcKistered by ijeo 5 ra pliers. Tlic Cape Negro 
of Batlell, however, cauitot bu llic modern 
Cape Negro in 16° B.. since I.onugo itself la 
la 4° S, latituiie. On tbc oilier Itnnd, ihe 
" great river callGd Banna" curresponds very, 
well with the " Cum ma" and '"Feruand 
Va3." of modern geograpliers, wbioh form 
A great delta on tliia part of the African coast. 
Now this " Camma" coiuilry is situated 
about a degree anil a halF souih nf the equa- 
tor, while a few miles to the north of the line 
tics the Gaboon, and a degree or bo north of 
thai the Money Itiver— hoth well known to 
mudefn naturalists as locnlilics where the 
largest of man-like apes has been obtained. 
Moreover, at the present liny, the woid En- 
geco, or N'scliego, isapplien by the nelivea 
nf these regions to Ihe smaller of the two 
greatApeawhichinhiibit them ; so that there 
can bo no rational doubt that Andrew Balt^ll 
spoke (if that which be knew of his own 
Imowledge, or, at any rate, by immediate re- 
port from the natives of Western Africa. 
The "Bngeco," however, is Ihat "other 
CMnater" whose nature Bidlull " forgot to 
relate," while the name " Pongo" — applied 
to the animal whose characters and habitsarc 
GO fully and carefully described— seems to 
have died out, at least In ila primitive form 
and signification. Indeed tlieic is tvjdence 
Uiat not only in liatteli a lime, but up to a 
very recent date, it whs used in a totally dif 
ferontsensefrom that in which he employs it. 
For example, the second uhapter of 
Purchas' work, which I have just cjuoted. 
contains "A Description and Higtoriciill Dec- 
laration of the Qolden Kingdom of Quinea, 
etc., etc. Translated from the Dutch, and 
compared also with the Latin," wherein it is 



sides the riverlherestandethmnnv Ireea , . . 
The Hand called Jtoiffo, which hath a moi>. 
sirouB high hill." 

The French naval offlcers, whose letters 
are appended to the late M. Isidore Geoff. 
Saint Hilnire's excellent essay on the Gorilla,* 
note in similar terms tbi> width of Ibe 
Gaboon, Ihe trees that lineits banks down to 
the water's edge, and the strong current that 
sets out of it. They describe two islands in 
its estuary — one low, ealledPerrniiuet ^ the 
olhet; higli. presenting three conleal hillB, 
called Coniquet : and one oflbem, M. Frao- 
q net, expressly stales Hint, toimeriy. the Chief 
of Coniquet was called J/JM-Tlinffo, meaning 
thereby Lord of Pg»go; and that the JVitw. 
gva (as, In agreemeut with Dr. Savage, Sa 
afflrms the natives call tliemselveK) teim the 
estnary of the Gaboon itself NTonijo. 

It is so easy. In dealing with savoges, to 
mia understand their applications of words to 
things, that one is ut first inclined to suspect 
Battel] of having coofonuded the name of 
this region, wJicrehls "'greater monster" slHl 
abounds, will) the name of ilic animal itself. 
But lie is so nght about other matters (include 
ing the name of llie " leaser monster") that 
one is loath to suspect the old traveller of 
error ; and, on Ihe other hand, we shall find 
that a voyager of a hundred years' later dale 
Fpcul'.s of the namo " Boggoe," ae applied to 
a great Ape, by the inliabitanls of quite an- 
ollier part of Africa— Sierra Lenne. 

But 1 must leave this question to be settleil 
by pliilnlogers and travellers : and I should 
lianlly have dwelt so long upon it except for 
the curious partplayed by this word" Pongo" 
In Ibe later hislniy of the man-like Apes. 

The genertilion which succeeded Battell 
saw the first oF theman4ike Apes which whb 
eviir brought to Europe, or, at any rate, 



Bomo SylTutTu. Orans OaUmg. 



i) Ihat— 



" The River Gaboon lyetb about fifteen 
miles northward from Rio de Aogra, and 
eight inilea northward from Cape da Lope 
Qonsalvcz (Cape Lopez), and is light under 
the Equinoctial line, about Gftcene miles 
^m SI. Thomas, and is a great land, well 
Hod easily to be kuowiie. At the muulh of 
file river there llelh a sand, three or foiire 
fathoms deepe, wbereou it bcateili migbllly 
with llie sireame which lunnelh out of the 
river into the sea. This river, in the mouth 
liiereof, is at least fourc miles broad ; but 
when yoLi are about the Ilaud called Pongo 
it isuotubovetwamilesb''oa[i. . . . Onbotb 




Via. S.— The Orang of Tnlplna. IMl. 

whose visit found a historian, Iq the third 
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book ot TulpiiLs' " Observalioues Medici 
publiBhed in IQ41. the Q6th clixpterorsecl 
IS devolpd lo what be calls Salyraa indievt. Uie Ape q:iiJ Monkey kind." 
"called by tlie Indians Orang-autong, or Aficr a careful survey of tlio titemlure of 
Man-of-llie-'W'(X)ds, nnd by llie Africans tbe subject extant in his time, our author ar- 
Qjiniss Mnrrou." He gives a very good rives iit ilio oonclnsion iliai iiis '■ Pygmie" 
figure, evidBully from the life, of the apecl- is idenlicnl neilher wilh the Orangs cE Tul- 
mon of this aaimal, " nostra mcmona ex piua and Bonlius. nor with Ihc Quoins Mor- 
AugolS delatum," presented to Frederick rou of Diipper{nrrulheror Tulpiiisj.the Bnr- 
Henry, Prince of Orange. Tulpius says it ris of d'Arcos, uortvillithe Pongo of Baf- 
was aa big as a child of three years old, oud leil : but that it is a species of ape probably 
asstout asoneof sixypara : and that its bade ideollcal witli tbe Pygmies of the Ancients, 
was covBrod with black hair. It is plainly a and, eaye Tyson, though it " does so much 
young Chimpanzee. reseanttle a Man in many of lis parts, more 

In the mean while the esisleoce of other than any of the ape kind, orany other r-ftJ7W( 
Asiatic man-like Apes bEcarae known, but in the world, that I know of: jet by no 
at first in a very mytliicul fashion. Thus ineans do I look upon it as the product of a. 
Bonlius (11138) gives an iittogether fabulous »nfei gcneralion — 'tis a Btnite-Anfmal tui 
and ridiculous account and ngure of an ani- geneiia, and a particular specie* of Ape." 
mat which ho calls '■Orang-outang;" and The name of " ChimpanMO," by which 
' though he saj-9. " vidi egocujoa elflgiom hie one of ihe African Apes is now bo well 
eihibeo," the anid efflgiea (see Fig. for known, appears to liaTecomc into use In the 
Hoppius' copy of il) is nothing but a very tlrst hclf ijl the eighteenth rontury, but the 
bairy woman of lather comely aspect, and only imporlant iiJdilirin mnde in that period 
with proportions and feet wholly Imman. to our aeqiiainlance with the man-like apes 
The ludicioua English anatomist, Tyson, was of Africa is contained in " A New Voyage 
Jualtned in saying of this description by Bon- to Gidnea," by William Smith, which lK>ars 
tins, " I confess! domistrust the wholo rep- the dale 1744. 
rescntalion " ., , -, , , - lu describing Ihe animals of Sierra Leone. 

It 19 to the last-mentioned wrLter, and his p ;;j ,jjij, ^rifg^ g^yg . 
coadjutor Cowpor that we owe the first ac- '^■.'ijhanncxtdescribeaslrange sort of ani- 
count of a man -I ike ape which haa any pro- ^„, ^^.^^ by the white men in this country 
te-aions to a soientiac aoeiitacy and com- Mandrill, but why it is so called I know 
pleteness. Ihe treatise eati lied, Orang- ^^^ ,,„ ^^^-^ ^ ^^J^ ^^^^ ^,,p ^^^^ ^^^ 
suteW.«c«fi)moSi,inM(^u; or the Anatomy neither nan those who call them m tell, esl 
of a Pygmie compared will that of a ^o«feif tit ^ ^^^ ,^p-,^ ^^^ resemblance of a 

^^p«. and a «an,' published by the Royal human crpature. though nothing at all like 
[fcciety in IflSH is indeed a work of remark- „„ ^ -nicir bodies, -when lull grown. 

able merit, and has, in some respects, served ^ „/,,; ;„ circumference a» a middfe-siMd 
^-^ ""!'•''?, i? «""=c'i!'e°' ■■;q"'«cs This man's-Uicir legs much shoricr, and their 
• Pygmie, Tyson teUs lis, was brought f^^^ j ^^^ ^ ^ ^ ■ 

from Angola, fn Africa ; but was flrst lakeu ,i^,„ ^ue'heod is monstrously big. and Ihc 
a ^eat ^eal higher up the country ; is j^^^ i,,^^ ^^^ „ -^ any other hair 
hair wasof acoal-blacKcolour. and strait ,,„( ,^^ eyebrows ; ihe nose veiy small, the 
and -when 't "ent as a ■iuadruped on all ^jq^u, ^\^ „„a „^^ ,; ,^j^ / ^.^^ ^ 
four, twas awkwardly; not placing the palm ^^],i(j, jg covered hy a white skin, Is mon- 
of llie hand Hat to the ground, bu itwalk'd ,,^„^,^ , ^^-J ^,i „^„ y,An-^^^A as 
upon its knuckles, as I observed it to do :„ u SJ. Hie leetL broad and vellow ■ 
when weak and had not st^ngth enough to The handsTa^e no more La"" U.an l^e filTe; 
support Its body. Prom the top of the imnbo aamo white skin, though a!l the rest 

-load to the heel of the foot, in a stiiiight f,f ,]io body is covered with long black hair, 
hne. It measured twenty-six inches. like a bear. They never go upon all-fours, 

These characters, even without Tyson a uke apes ; but ciy, when vexed or leased. 
Sood figures (Figs. 3 and 41. would have just like children. . . . 
'joea sufflcieat lo prove his " Pygmie' to be ,. _tu i — . cv, i -m n 

;v young Chimpanzee. But the opportunily When I was al Sherbro. one Mr. Cum- 

of exaniinhig the skeleton of the veryanimal ^"^°^. ^"lom I shall have occBKH,a here 
Tyson anatomized having most unexpectedly "^ '" "> mention, made me a present of ont. 
piWnted itself to me. I am able to bear in- f ^^^ ^1^°"^ ammals which ate euilf-d 
dependent testimony to ita being a veritable hy <hc natives Boggoe : il^asii blie-cub, ii] 
^ig^lfM, niger* tfcough still very young. "=". >"'>'"1'« «E«. tuf eveu then larpei- Ihaii a 
AllhouSTful^appredatingUieresemSlances Baboon. I gave i in charge to one of t .:; 
helweeS his Pygmie and Sao, Tyson by no ?lave«. -"ho knew how to feed and nurse it, 
means overiookal the differences between Ihc '>""'g a very tender sort of animal ; but 
two. and he concludes his memoir by sum- whenever I went off the deck the sailors bc- 
raingupflrst.Uiopoinlainwhich-'theOraug- gan to Icaie it-scmc loved lo see its tears 
outang or Pvgmie more resembled a Man and hearit civ : othershatedilasnotly.noae ; 
than Apes and^^Monkeys do," imder forty- one who hurt il, being checked by the negro 
w^'en distinct heads ; and Ihen giving, in Ihat look care of it, told the slave he was 
thirty-four similar biief paragraphs, the re. very food of his eounlri'-woman, and asked 




I 1^ if lie slioiild not like her for a ytite) 
To wbieh iliu skve -very reudily replied, 
*Ko. Ihlsm) my wife; Ihis a white ivomar 
— this fit wife for you,' This unlucky wil 
aftho upgro'ii, 1 faaay. liosU'iitd its ctealb, 
for next mDrain^ it was found dead uader 
thB wiodlass." 

Williiim Kmiili's " Mnndrili," or " Bog- 
' as Ilia descriplinu und figure testify, 

. , wiliiuut doubt, a ChimpHnzEL". 

Lu)iiteu<i know notliiag, uf bis own obser- 
vaiion, of the nmnlike Apcaof eiiber Africa 



or Asia, bat'a dissertation hj- bla pupil Hui 
piua in tbe " Amcenittttea Academics" (Vt 
' Antliropomorplia") may be regatdEti m 
embodyiug bia views resireetiKe tiiese ani- 

Tiie (Jiss-rtalion is illustrated by a plnle, 
of wliicli Ibe accompanying wood-cut Pig 
0, is a r^daued copy. Tbe fipirca arc en- 
titled (from loft to riglit), 1. Troglodyte. 
BaaUl; 2. Laeifir Jk'roa-nd' ; 3. Sabinu 
Tulpii; 4. PygnuEui Eawardi '^lis flrsl iu 
a bud coiiy of Boniiua' flctiti'nif ■■ OAisiyf. 
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ontang," In wlioae pxislencc. however, Lln- 
lUBUS appettrs to liave tiilly lielievial ; for in 
tUo atanJaril ediiion nt Ihc " Syalema Na- 
luMe" it is cniiraorated as a «;cornl Hpecies 
o( Homo; "H. nucturniis. " I.iuifei- At- 
dnmindi U ncopy ofafljnirein AKirovnniliis. 
"Da Quail nipid 11) js iliaitiillH TivipariH," 
Lib, 3, (i. 249(1«'15J. entitled, " CcrcopilliecHs 
formte rarie SaiMiiii vneiitiis H avigidem a 
China ducabat." Hoppiusiaof opinlan [hut 
tills may ha one of that cot-tiuled people of 
yrbom Nicolaua EOpin;; afflrma thai they eat 
a boat's crew, "guDerDaWr navla" and all 1 
In the " Systema nalurae," Llnnteua c^ilait, 
in anotc. Bamoeaiidatae. and ECema indini!'l 
toregard itaau third apeciea of man. Accnri!- 
ing to Tenuninck, Satyru* Talpii is u copy 
of the figure of a Ghlmpanzee pulilislied by 
Scotin la' 1738, wWcli I have not seen. It is 
tbs Sal!/tii3 iadir:M of the " Systeraa Na- 
lurre," and is ici!arded liy Liniutus a; pns-i- 
hly ad'istinot apedM fr[>i[] - ■■ . ■ ..-i •■.' . •'.'.■'. 
The last, naroed i^yjwi.ri, ■" ' .. .! 

from the figure of a \':i;i ' ■ . '!.■ 

Woods," or true Oraii.Li-l i... i:i :- I- 

wards' " Gleanings ot J.'.illhI iJi_-;j:j ' 
(17n8). 

BtifToa was more fortunate llian hla great 
rival. Not only had hetho tare opportunity 
of exflmining a yuung Ciiimpaniieu ia tho 
iititin slate, but lie beciiine pnasesseJ of an 
adult Asiatic man-like Api. — Iho lirst and Itio 
lost adult specimen of any of Ihuse animals 
tirouglit to p;urnpe for many years, Willi 
tlio valii;tbli'iis^ihianc^(-of Daulteuliin, Bulfon 

KNV,. 'l.:,!!!. -fri]ilioaofllli 



Srale des VuyageK" (1748), and Ihere Bufflon 
found a vt-rsiuu of Au(Sri;w Bslleii's account, 
of the PoJigti and lUu Enguco. All Iheao 
data BuSuB atlBinpIa to wvid to^etbur into 
harmony in his Ohapterenlilled '" LesOrang- 
oulangs on lu PoDSO et le Jocko." To Ihia 
title 'liB following note ia appuoded : 
■' Owing-nnlmg, nwn do cel anlmil bhi Indaa orlan- 

nona avuii* oduiilf,'. £Vi est 1 iruclo q.ue ouua uvuus 
reti»Bcli6." 

Thus it waa that Andrew Battell's " En. 
geco"ljecameraeiamorpliosi!dinto" .Incko," 
and, in iLe latter shape, waa spread all over 
the world, in nnusci[Uence of the extensive 
wHJularity of Biiflon'H works. The Abhfi 
Prevost and BuIIon between them, however, 
did a goiid dual innre dinligureininil to BbI- 
tell's sober accaiint than " cntliog off an ar- 
tifile." Thus Bidtell's slntcmi-ol tliat Ihu 
Pongros ■■ cannot speake, and have nf> un- 
derataii'ling m'-ire tliun a beast," is rendered 



by Buffalo 









,.^gu-a 



, he 
tcT; ■ I .\i)p, or Gib'ion. It 

i.sii, i.. , //■,■ r..l„r. 

TIj LI .1, .:j li.io, Ciillon wrote Ihc tour- 

t.:ejiih I...;: ii ■■li Lis ^luat work, he whs per- 
Eiiually [,jiii,li:ir wiili (he young of one kind 
of Alrio,!'! iiijin-[ike Ape, and with Ibe adult 
of an iVsintii; .'Jpeiue.'i— while the Oraug-Utna 
andihe Mandrill of Smith were known to 
Mm by report. Furthermore, Ibe Alib« Pre- 
vmt bad translated a good deal of Purchas' 
Filgriaia Into French, in his " ITistoiro gen. 



ait plan tt'enteiu/f.DMnt ^ 
maiix;" and ng'iia, Piircbas' iimrmniion, 
" He told me in conferem.'o with him Ihst 
one of these Pongos lookeanegro boy of iiii 
which Uved a monelh wilh llicni." stands in 
the French version, " nn pango lui cnlava 
un petit n6gte qui p.i9'=a nn nn enlier dans la 
Bocietn de ccH nnim,inx, ' ' 

After quoting lUe occimnt of the preat 
Pongo, Buffon justly remarks that all the 
"Jockos" and " Orangs" hitherto hronght 
to Europe were young ; and he fiuggests 
that, in their adult condition, lliey' might 
be aa hlg aa tlie Pongo or ''great Orang;" 
so that, provi:.>ionally, ho legarded the Jockos, 
(irangs. and Pongos, ua ail of one species. 
Auil perhaps this was as much as the slate of 
knowledge ut tlio limewurrnDletl, But how 
it came about tli,tt BuH',n failtd to perRcive 
the similarity o( Smilli's " Mandjill " to hia 
own " Jocko," and confounded the former 
wilh BO totally diEEeient a creatme as the 
Idue-fflced Baboon, ia n^t ao easily intclligi- 




Twenty years later Buffon nhauged his 
opiniua. And eiprcssed his helipf ttiM tlio 
OruDj^a conHtUuled s genus witU iwo spEcieH 
—a large one, the Pongo of Bullell. and a 
«m«ll one, Iho Jocko ; that ihe small one 
(Jocko) i9 (!ip East Indian Ornng ; and that 
the young aninwls from Africa, ohwrveil by 
himself aaci TuEpiaa. arc simply young Pon- 
goa. 

In the mean whllo the Djitch nalUtftUst. 
Vosmaer gave, in 1718, n, very ftood account 
and fiifure of a yniing Ornng brought nlive 
lo Holland, nnd his countryman, the famoiia 
anatomiRt. Peter Campi^r, pabllshed (17T9) 
aa easuy oti the Orang-Uina of similar value 
to that of Tysim on Liic Chlmpuniee. He dis- 
sected several females and » male, all of 
which, from the stale i>t their skeleton and 
their dentition, he justly supposes to have 
bewl young. However, judging by the anal- 
ogy of man, he concludes that they could 
not have i-xoeeded four feet in height in the 
adult conditiuu. i''utih<-rmore, ho is very 
olearaatolhespeciacUisiiuclnessof the true 
Kost Indian Utung. 

'■ The Oraug." says he, " differs not only 
from lh« Pigmy ot Tyson and from the 
Grangot luipiua by iis ptcii liar color and 
its long toes, btii uiwi by its whole czlemal 
form. Its arms, iu hands, nnd its feet are 
longer, while the Ihumlis. on (lie conlmiy. 
are much shorter, and the great Iocs much 
smaller in proponion." And again. "Tho 
trueOiung. that is lo say. that of Asia, that 
of Borneo, is constqueuily not llie Pilhecua, 
or tailless Ape, which the Greeks, and cape- 
daily Galen, have described. II is wither the 
Pongo nor the Jocko, nor the Orang of Tul* 
plus, nor the Pigmy ot Tyson— /( is an ani- 
md^aperuliar tprdet. h« I shall prove in 
tlie clearest mnnnerby the organs of voiceand 
the skeleton, in Ihe followiog chapters" 

A few yeara laler. H. Hadermacher, who 
held (thigh office io the Government of ibe 
Dutch dominions in Intlia, and was nn active 
member of ihe Bntavian Socicly of Arts and 
Sciences, published, in the second part of 
the Trnnsactions of that Bocicly. a Descrip- 
- tioo of the Island ot Borneo, which was wrU- 
ten Iwlween the years 1770 and 1781, and, 
among much other Inlcresling mailer, <on- 
taina some nolea upon the Ornng. The 
ainail sort cf Oranp-Ulan, vin.. lUai ot Vos- 
maer and of Edwards, he says, Id found only 
in Borneo, and ehiellj about Banjermasslng 
Mampauwa, and Lundak. Ot these he had 
seen some fifty during his residenee in Ihe 
Indies ; but none cxeecded 3j Teet in Jenglh. 
The larger sort, often regarded as chimera, 
continues RHdermacher, would pciiiajia 
long have remained so had it not been lor 
the e*erUons of llie Besidtnt nt neinliiuig. 
M, Palm, who, on returning from Laiidiik 
toward Ponliana, shot one, auri fi>i winded 
it to BataviB in spirit, for IranfiniKhJou lo 
Euriipe. 

Palm's letter d escribing Ihe caplLiie iiina 
Ihua:- •' Herewith I Etnd your Eseilkucy, 



-^utrary to all eipectelion ftince long ago 1 
offered more than a himdred ducats to the 
natives fur an Ornng-Ulan of four or five feet 
high) an Orang which I heard of this morn- 
ing aliout eight o'clock. For a long time wo 
did our liest lo Iskc the frightful ben^t alive 
in the dense forest aliout half wav lo Landak. 
Wu forgot even lo eat, so anslotis were we 
nnl lo let him escape ; but it was necessaiy 
to lake care he did not revenge hinisclf, aa 
he kept CDDlinuuliy breaking off heavy Diecea 
of wood nnd green branches, and dashing 
them al UB. Thla game lasted' till four 
o'clock ia Ihe afternoon, when we detenniiied 
lo shoot him : in which I succeeded veij 
well, and indeed belier than I ever shot from 
a boat before ; for the bullet went jiist into 
the side ot his chest, so that he was not 
much damged. We pot him into the prow 
still living, and bound him fast, and neict 
morning he died of his wounrls. All Ponliana 
came on board to see him when we arrived," 
Palm gives his height from the bead to the 
heel as 40 inches. 

A very intelligent German officer, BaroB 
Vou 'W urmh, who nt this time held a post in 
(ho Dutch East India service, and was Secre- 
tary of the Bnlavian Society, sluiiied Ihla 
animal, and his corctu] description of it, ei>- 
tilled " Beachrijviog van der Groole Bor- 
neosche Orang-oulang of de Oost-Indischc 
Pongo," is contained in the same volume of 
the Batavian Society's Transactions. After 
Von Wurmb bad drawn up bis description 
he states. In a letter dated Balavla, February 
18(b, 1781, thnt (lis specimen was sent to 
Europe in brandy to be placed in the collec- 
l -.1 (jf the Pnnee of Orange; " uafortu- 
nady." he continues, "we hear that th8 
A'.up bos lieen wrecked." Von Wurmb died 
id the course ot the year 1781, the leiler \A 
which this passage occurs being the last ho 
wrote ; but in bis posthumous papers, pub- 
lished iu the fourth part of the Transacilona 
of the Batavian Society, there is a brief do- 
wription, with meaauremenls, ot a female 
pj02n four feet high. 

Did Hither of these original specimens, on 
wliich Von Wurmb'a descripiions are based, 
e'er reach Europe! It ia commuuly sup- 
p isud that they did ; hut I doubt the fact, 
pjr, appended to the memoir " De I'Oumn^- 
OiiUiD", in the collected edition of Camper a 
wnrksl Tome I., pp. 64-00, la ft note by 
CainpEr himself, referring to Von Wurmb "a 
piipers, and continuing thus : " Heretofore, 
this kind of apo had never been known in 
Europe. Uadormacher has had the kindaes* 
to send me the skull of one of these animals, 
wliluli measured flfty-lhree inches, or four 
feet five inches in height. I have sent some 
akelehes of it to M. Soemraeruig at May- 
cnce. which are better calculated, however, 
to give an idea ot the form than of the reil 
size of the parts," 

These sketches have been reproduced by 
Pitcher and by IjUcjb, and bear date 1783, 
Wiummeriughnvlnjj ruoeived them in 1784 
Had either of Von Wurmb's spechnens 
reached Holland, they would hardly hav» 
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Camper. wUo, 



bf.ea unknown 
however, goes i . 
since thla some nioro of llicsc inousters liave 
bcca captured, for im catiru skeleton, very 
hadly set up. which bad been aenC to tlie 
Museum ot Iho Prince of Orange, aud whinli 
I saw onljr on lh<3 2Tth of Juno, IT84, was 
more tliJiQ four feet Iiigli. I examiacd tliU 
atelelon again on tUe lOlli December, 1TS5, 
after it had been cxcullently put to rights by 
Uie ingecisus Onvmua." 

It appears cviiWt, liien, that Ma skele- 
ton, which 'm ditubtless that which has al- 
ways gooo by tbo name of Wurmb'a Pongn, 
is not tliat of tlis animal described by him, 
tbough uaquestiouably similar in all csscntkl 
points. 

Camper proceeds to note some of tbe most 
important fualurea of this akeleton ; promises 
to describe it in detail by and b^ ; and is 
avidenlly in doubt as to the relation of this 
great " Pongo" li his " pelit Onme;. " 

The promised furtlier InvestigatioQB were 
nerer carried out : and so it happened that the 
Ponga of Von Wurmb took its place by the 
aide of the Chimpanzee, Qibbon. aod Orang 
as a fourth and colossal species of man-like 
Ape, And indeed nothing could look much 
less like the Cbimpauzoes or tiio Orangs, 
then known, than the Pongo ; for all the 
specimena ot Cliimpanzee and Orong which 
had been observed were small of stature, Gin- 
gularly human in aspect, gentle, and docile ; 
while Wurmb'a Pongo waa a monatar almost 
twice their size, of vaet strength and flercc- 
ncss, and very brutal in expression, its 
great projecting muzzle, armed with slroiig 
teeth, being further disflgurcd by tbo out- 
growth of the checks iuto desliy Inbes. 

ETentuallv, in accordance with the usual 
marauding uabits of tbe Ru volu I io nary ar- 
mies, Ihe" Pougo" skeleton wascarried away 
from Holland iato Prance, nod notices of it. 
expressly intended to denionslrutc its entire 
distincloess from the Orang, and ils afflnity 
■with the baboonn, were giren, in 1T98, by 
Gcuffroy St. Hiiaire aud Curler. 

Even in Cuvier'a " Tableau Elementaire," 



and in the first edition of his great work, the 
" Regne Animal," the " Pongo" is classed 
as a apociea of Baboon. However, so early 
as 1818 it appears that Cuvicr saw reason to 
alter this opinion, and to adopt the view aug- 
gesled seveial years before by Blumenbach, 
and after him l>y Tileslns. that Ibc Bomean 
Pongo is simply an adult Urang. In 1824 
Rudblphl demonstrated by tbo condition of 
the dentition more fully and completely than 
hod been done by Ilia predecuasora lout the 
Orangs described up lo Ibat time were nil 
young animals, and that the skull and teeth 
of the adult would prolfably be audi as tliosi! 
seen In the Pongo of Wurmb. In tbo scfwnd 
edition of the '■Regne Animal" (1823) 
Cuvier inters from the "proportions of all 
the parts" and " the arrangements of thi> 
foramina and sutures of ihe head" that the 
Pongo is the adult of tbe Orang-Utan, " ut 
least of a very closely allied species." and 
this conclusion was eventually placed lie- 
yond all doubt by Professor Owen's Memoir, 
published in the " Zoological Trnnsactions" 
tor 1833, and by Temminck in bla ■■ Mouoj^- 
raphies de Sllammalogte." Temniiuck's 
memoir is remarkable tor the completeness 
of the evidence which it affords as to Iho 
modification which tlie form of the Orani: 
undergoes according to age and sex. Tlede- 
mann first publiaheil an account of tbe brain 
of tbo young Oran^, while Sandifort Iililller 
and Scblegel described the musclev aud (he 
viscera of tbe adult, and gave the earliest de- 
tailed and trustworthy history of the habila 
of the great Indian Ape in a state of nature : 
and as import.'mt additions have been made by 
later observers, we are at this moment belter 
acquainted with the adult of tbe Orang-Utan 
than with that of any of the oilier greater 
man-like .^pes. 

It is certainly the Pongo of Wurmb ; 
and it is as certainly not the Pongo of Bat 
tell, seeing that the Orang-Utan is entirely 
confined to the great Asiatic islands of Bornei* 
and Sumatra. 

And while the progress of discovery thus 
cleared up the history cf the Orang, it alst 
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became estiblislied that tbe only oilier man- 
like Aiws in tliB Easlern world were the va- 
rious species of Gibbon — Apes of smaller 
stature, and tliurelore attrncliia!; less ulleo- 
tUm tbau lliu Orangs, ibougU ibey nro iipread 
over a luuob wider tsogo ofcounlr^, and art- 
bcoL-e more acccssliilu to obaerrallba. 

Altbmi^i ilic geographical nrea inlinblted 
by Ibe •■ Pongo" and " Engeco" of Biittell 
Is BO much nearer to Europe ilinn iliHt in 
vlilch the Otana: and Gibbun aro fniind, our 
acquaintance with llic Africiin Apes lias 
been o( slower growlh : indeed it is only 
within the last few years that ilic truthful 
story of the old English adveutuicr lias lieen 
rendered fully intelligible. It wns not until 
1885 that the ekeleton of Ihe adiili ('him-. 

Kozee became known, by llie pulilicalion of 
ofessor Owen's aboTC- men tinned 
celltat 
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ltd vtrj cK- 

, " On the Osteolosv ot Ihe 

Chimpanzee and Orang," in the Zooliigical 

Transactions — a memoir which, liy the accu- 
racy of ita deBcriplions, Ibo caretuluesa of 
Its comparisons, end the excellence of iu 
flares, made an epoch in tbe history of our 
knowlcdi^c of the hony framework, not only 
of the Chimpanzee, but of all tbe anlbropoid 

By the investigations herein detailed, it be- 
came evident that the old Chimpanzee ac-i 
Suired a size and aspect as diffirent from 
lose of the young known to Tyson, to 
BufTon, and to Tiaill, aa those of llie old 
Orang from the young Orang ; and llie sub- 
seqiient very Important rcaeaiches of Messrs. 
Savage and Wyman, tbe American mission- 
ary and anatomist, have not only confirmed 
tlus conclusion, hut have added many new 
details. 

One of the most interesting nmoug Ibe 
many ■ valuable discoveries made liy Dr. 
Thomas Savage is the fact tbat the natives 
Id tbe Gaboon country at the present day 
uply to the ChimpauKee n name — " Ench&. 
eko — which is obviously ideniical with 
Ibe " Engeko" of Datlell, a discovery which 
has been confirmed by all later inquirers. 
.Baltell's " lesser monster" being ihus proved 
'to be a veritable existence, of courtic a 
Htrong presumption arose that bis "greater 
mODster." the " Pongo," would sooner or 
later be discovered. And indeed a modern 
traveller, Bowdlch. bad, in IBIO, found, 
strong evidence among the natives of llie 
existence of a second great Ape. called tbe 
" Ingena," " five fecL high, and four acniss 
tbe shoulders," the builder of a ludc house, 
on the outside of which it slept. 

In 1847 Dr. Savage had the Rood fortune 
to make another and most imporiont addition 
to our knowlege of tbe man-like Apes ; tor,- 
being uneipecledly detained at llio Galioon 
River, he saw in the house of the Rev. Mr. 
Wilson, a missionary resident Ibore, " asknli 
represented by the natives to l>e a moukey- 



and the information derived from i 
telligcnt natives, " I was induced." siivs Dr. 
Savage (usinjj the term Orang in its oiil gen. 



linl tl belonged tn a 
.._.,_.;.,,. ..,„>,;;. 1 expressed ihls 

opinion II, Mr. W .K,„i, uilh a dcdire for fur- 
';' ■ '" '"-'■ "■ ■' :i"d,if posBiliie.iodi-cide 
'"■ ' ■ :ii--]!i;cliou of a specimen, 

il : Nf rcMilt of Ibe combined 

e\'ir, ip- ..I M. --i-. I^nvfigoand Wilson was 
u^iL iiiii) itio fitiiiiiuing of a very full account 
of Uia habiU of this new creature, bu! a still 
mnie imporlant service to science, the en- 
abling Ihe eiccllent American anatomist al- 
ready mentioned. Professor Wyman, to de- 
Bcnbe, from ample materials, tbe distinctive 
OBteologicol characters of the new form. This 
animal was called by the natives of the Ga- 
boon "EngB-ena," a name obviously idcu- 
«cal with the " Ingena'" of Bowdicb ; and 
Dr. Savage arrived at the conviution thai 
this last discovered of all tbe great Apes waii 
the long-sougbt " Pongo" of Baltell. 

Tbe justice ot this conclusion indeed is 
beyond doubt — for not only does the " Engfi- 
ena" ogreu with Bflttelfs " greater monster" 
In ita hollow eyes, iu great siature. and Its 
dun or iron-gray color, but the only otlier 
man-like Ape wtiicli inhabits these latitudes 
—the Chimpanzee—is at once identified, by 
its smaller size, ns the " lesser monster, " and 
IB excluded from any possibililv of being ibo 
"Pongo," by the fiict that it' is black and 
I not dun, to siiy nolhiug of the important cir- 
cumstance already mentioned that it siiil re- 
tains the name of ■" Engeko" or " Enche- 
eko," by which Baltell knw it. 

In seeking for a spcniHc name for the 
"Enge-ena," however. Dr. Savage wisely 
avoided the much misused "Pongo;" but 
finding in the ancient Periplus of Hanno the 
word "Gorilla," applied to certain hairy 
aavago people, discovered by Iha Carthaginian 
voyageriu an island on tlie*Afrtean coast, he 
attached tbe speciBc name '" GtriUa" to his 
new ape. whence arises its present well- 
known appellation. But Dr. Savage, more 
cautions than aome of bis successors, by nn 
means idcnlifies his ape with Ilanno's " wild 
men." He merely says that tbe latter were 
"probably one of the apeciod ot the Orang;" 
and I quite agree with M. Biulle that Ihero 
is no ground for identifying the modern 
" Gorilla" >ntli that of tbe Carthaginian ad- 

Sint-^ the raemnir of Savage and Wyman 
"was published, the skeleton of the Gorilla has 
been investigated by Professor Owen and by 
tbe late Professor Duvernoy, of the Jardin 
des Plantes, the latter having further sup- 
plied a valuableaccount of the muscular sys- 
tem and of many of tbe other soft parts ; 
while African missionaries and travellers 
bave cooQrmed and expanded the account 
originally given of the bubits of this great 
Ynan-like Ape, which 1ms bad the singular 
fortune of being the first to be made known 
to the general world and tUe last to be scien- 
tifically investigated. 

Two centuries and a half havi passed 
away since Battell told his stories about tlie 
"greater" and tbe "lesser monsters" to 
Furcbas, and it has taken nearly that time ' 
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to Bnlfe u; (lie rlcar rPsuU llial IIkT' iic. 

four disUiicl kmils t<( AntliropnidB— in Eiisl- 
1 Aelo, llii: Gil'liiiiis 1111. 1 iliu Oiiings: in 

ireBtcm Aliicit. ll>u Cl<iiiiii>iDzei.'a uml llie 
"Oorilla. 
I The mai'-likB Aiip'^. t'i:i liiBlorv of whose 

disCDTLTy liiis j'ol liL'i 11 il'liiiletl. hntc ctrlaiQ 

ebftiflCtuiH i>r>iniMiiic uu'lut ilislHIiulinn in 
I tnmmiiu. TImn, liicy iiIl liuvu lltu same 

numlier of licl^i ;ia iiimi— |ni.--sessmi' four in- 
. ciHOrs. two i:uiiiiiii.<, Tiiir faUe lumitiG, unil 
I'Bis tvuu UIkIjiis iu iwli yxvt, nr ::l* Ici-lb in 

M, in tllu iliJiltl I'niiiiiiii.ii ; while ihe milk 
.■dentitiiinriilisiHs,:! ■:.• l.Uk-ur f.iur ii.ci- 

t. Tlii-y are- wlnil "ic ciillfd (■iilarrliiuo 
__,es— that i». Ihdr nosliiU li^ivi; it narrow 
parlltlon iiad lual: linWDWunl ; mid, fiirllier- 
. tnoie, Ihi'ir urms ure ulwnys li)n).rer Ihua 
, llleir 1e^. Ilie difTurcnoi;: htin^ someliiiies 
, iffemcruii'Jsdmi'IiiiiUKlafs ; soiliiit if lln; four 
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.thtrirnmidin pniiimiiMii K- iliiii of iNi-irlcga, 
B Blionlcl liiKi; tills serifs— Omni: (U— 1), 
Gibbnn (U-i). Ginilln (^i—i). Cliimpnn- 
- ■ •' In nil. lliu fori; limbs ara 
lermjniiliil liy liiirids. jirnvided wilji longer 
or BlioTlt'c tliii:]ilis : ivIiiluiliRgtCHHiic of Ihe 
fool, nhviiv^ utirilli^r limn in Slan, is far more 
movidilc tluiii ill liir.i. iind ena lie opposed, 
Jikc u Iliuml). I') Llic TPat of Uie foot. None 
of llitsii a\)C'i hnve liiila, and nonu of them 
poBEPEs IliP cliii-k-tKiltclies conimiin among 
monkcyp. Fitiiiily, ilwy uni all lulialiUanu ol 
the old woi III. 

The r;iblii>T)s .ive ihe Fmallesl. elcnderest, 
Biid loii^M^i-linilied of the man-like Apes ; 
' nr arms iiix- lunger in prnporiion to ihtir 
;lies Ibim tliiise of uny ot llie other man - 
e Apes, fio that thty can Itnicli llie ground 
when erect; ilieir liauds are longer than 
their feet, and lliey are the only Anthropoids 
which possess callosiiies like llie lower mnn- 
keya. Tliey arc variously colored. The 
- Oranga have arms wliicli rcucii to the ankles 
.in Ihe ereet posltioa of the unlmal ; their 
I. tliniaba and fm^l loes are very ahorl, and 
their feet iito fongerlhun Iheir bauds. They 
we cOTereii «*iih teddjsli-hfown imir. and the 
sidcBof the lapc, in ndnlt mitlus, me com- 
monly pro(kii;id into iwo ereiscenlic, flexible 
exe.rescenL'eR. like fatty liimors. The Cbim- 
ptmzeca have iirma whi^-h rcaeh below the 
ROeee ; they have Inrgc Ihiiinbs and gjeat 
toes, thrir liAnds are lunger llian their feet, , 
ini Itieir hair in blutk. while the skin nf the 
taix Is pale. Tlic Qoiilla, Easily, boa aima 
whidi teuch lo the miiidle of the log, Urgv 
thumbs, and frreiit toes, feet Inncer lluio the 
Made, a black face, anit dark-gray or dnn 
bAir. 

For the parposc which I have at present 
in Tiew. It IB unnecessary that 1 should enter 
'into any funlior minutiie respecting ihc dis- 
•l^ctlvc chiiraetcrs of llie geneva aud speeieB 
Into which Iliefc man-like Apes are divided 
iiW aatnratists,. tiiifliee it lu fiiy. Ihat me 
itJrangB aud lue Uiblions consliiutu ihedia- 
jlinetgeneia. Siiiiui stiid HylolHtUf ; while the 
'"-" a and UoiUloa ore iiy 



garded simply aa distinct species ot oiwfl 
genus, Troffl/fdf/fes ; liy olhciB ns dislinct ¥ 
^nera — Ti-ogladytet being reserved lor tho I 
Chimpanzees, and Gordlii for the Enge-ena 1 

Sound knowledge respecting the bahils J 
and mode of life nf the mnu-likc Apes has 
been even more difficult of Bllninment than 
correct infoiTnallonregardinir Iheir stiuclure. 

Once in a generation, a Wallace may be 
found pbyslcalty, mentally, and morally 
qualiflcd lo wander uuM-atlied through the 
Irupical wilds of America and of Asia, to 
form mngnillcent eollcetions a-i he wanders, 
Bud withfll to think out ^agneiously the con- 
cluslona sn^gisled by liis colleeiions ; but, 
lo the ordinary explorer or collector, the 
denac fiiiesla nf equatorial Asia and Africa, 
whieh ecnMitule llie favorite liubitalion of 
tliL' Oriing, Ihe Chimpanzee, anil ihe Gorilla, 
prcsenldifficullieaot no ordinary magnllude; 
and Ihe man who risks his life by even a 
short viail to the malariuna shores of thMS 
re^ons may ^ell be exeuaed If he ahrinks 
from fneiag Ihc dangers of tlie interior ; if 
he contents himself with stimulating the in- 
ditslry of llie lieller seasuned natives, and 
callecling and collating ' the more or leaa 
raylhicul reports and traditioni) with which 
they are loo ready to supply Lira. 

In Buch a manner most of the earlier ac- 
counts uf the habita of Ihc man-like Apes 
originated ; and even now n good di^l of 
what pasai'H current must be arimilled to havft g 
no veiy safE foundalion. The best informi 
tion we pe^ise^a is that based almost whol1_ 
on direct Eurepefln leslimony Tespeellnl 
the Gihbnna ; the next best evidence relal"' 
lo the Orangs ; while our knowledge of tl 
habits of llic Chimpanzee and the Gorill* 
elands much in need of support and enlarge-^ 
ment by additional testimony from InsimcleS'^ 
European cjc-wi messes. 

It will Iherefnro be convenient in endniT^ 
niing to form a notion of what we are justi- 
fied in helievFng about ibe^e animals, _ to 
comraenee with the best known mnn-lika 
Apes, ilieGiblion8,undOrangs; andlomake 
use of the pcifeclly reliable informiiiion re- 
specting ibem nan sort of criterion ul the 
prohiibie trulh or falsehood of assertions re- 
' apccling ibe others. 

Of the Gibbons, half a dozen species are 
, found Bcaltercd over ihe Aalatio islandl^] 
Java, Sumatra, Borneo, «nd through 1' 
laccH, Slum. Arracan. aod an uneeriaio es>^^ 
leni cff Hindoslan on tho main-land of Asia. 
The largest allnin a few iuehea above three 
f3p| in ii.'ighl, from the criiwu to Ihe heel, 
Bii X I iliey are shortnr than Ihe other mnn- 
hkj A|ics. while the filendemess of Iheir 
thidici I endera Ihcir mass far enmlter in pro- 
pun iun even to this diminished height. 

Dr. aalomon MQller, an . aeeompllshed 
Duieh naturalist, who lived for many years 
in Ihe Eistern Archipelago, and lo ihe result 
of whose petaonal experience 1 shall fte- 
qiienlly have occasion to refer, slates that 
the Oibbona are Hue mounlaineers, lOTing 
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tlu: einpcs ttntl edges of Ihe bills, tlinugh they 
rarely HKCeait beyonij llie limil of the Bg- 
irecB. At! day lung lliey hiiimt the lofH of 
the tall trees, tind Ihougb. luwurd eveniDC. 
tlmy dest.'eiid in smftll troops Id Ihc open 
jBjound. DO aoouer do tliey tpy u, tniia tban 
tliey dart up Ibe liillsliies and tllsuppear in 
the darker v&llejB. 





A Gibbon (U. pUeatm). a 



All obserrers Icslify to tlie prodigious vi.i- 
ume of voice pOBsesBed by these aninmla. 
Aecording to (lie writer whnm I bavc just 
cited, ia one of tbem, tbe Siamang, " tbu 
voice ia cmve and penetrating, resembling 
Uie Eounds gOek, gOek. gOek, gOek, gock hn 
ha ha ba liaaOiUt, and may tie easily heoni at 
a distance of half a league." Wbile tbu cry 
U being uttiTiiJ. the greot membrBnoiia lia;; 
under tbe liiriiflt nbicb communicates willi 
tlie or^an of voice, the so-called " laryn- 
peal sac," becomes greatly distended, dimin- 
isbing again when Iho creature relapses into 
silence. 



M. Dutaiu:p|. likewiw. nffiriuH llmt \he 
ay of Hie Siiiuuog mnv (•.■ l>>-iid for mil"* 
— miiklnj; •.la wumla linir iipilii. Sn Mr, 
MarliQ deecrilies llii' cry or liie agile Gibbon 
aa ■overpo-jroring i.n'l ■leatening" in n 
room, atul " from iis sironKtb, well Rolra- 
lated fr>r refunding ibruii^jh the vaet 
[uruels." Mr. \\hI('|1iiiusu. bd accomptiahed 
musiciiin hs well us zoologiBl, says, " Tho 
QililMia'ii vuicciKcetlHinly much more power- 
ful lliHQ Ibiit of Huy singer IcTer beard." 
Andyelit Is loberecollecltd lliat Ihisanimu 
is uDl half lUe heigbt of. sad far lexa bulky ia 
pmpuiiion tlinn. a niun. 

There is good testiniouy that various 
■pccies of Qibbuu leadiiy take to the erect 
posture. Mr. George Bennett, a very ei- 
celleut observer, in describing Ibe habits of 
B male Ilylobatft tj/ndactglui wbicb remained 
for some time in bis possession, sajs : " He 
invariably walks in Ihe erect posture ivheu 
on a level surface ; and then tbe arms either 
hang down, enabling him to assist himself 
with his knuckles ; or, what is mora usual, 
be keeps bis arms uplifted in nearly an erect 
position, with tbe hands pendent ready to 
seize a rope, ahd climb up on Ihe approach 
of danger or on the obtrusion of strangers. 
Ho walks rather quick in the erect posture, 
but with a waddling gait, and ia noon run 
down if, while pursued, he has no opporlu- 
nity of escaping by climbing. . . . When 
he walks in Ibe erect posture, be turns the 
leg and foot outward, wliicli occasions liini 
to have a waddling gait and to seem Low> 
IsMed." i 

Dr. Burrough states of anolber Gibbon, 
the Horlack or Hooluk : 

" They walk erect ; and when plnced on 
the floor, or in an open field, balonre Ihcm- 
seives very prettily by raising their hands 
over Iheirlicad ami sligbtiy bendinji Ibc arm 
at Uic wrist and elbow, and then run toler- 
ably fast, rocking from side to side ; and, 
if urged t<i greater speed, lliey let fall their 
hands to Ihe ground, and assist ibemeelves 
forward, rather jumping than running, Ftill 
keeping Ihe body, however, nearly ereci." 

Somewhat different evidence, however, is 
given by Dr. "Winslow Lewis ; 

" Their only manner of walking was on 
their posterior or inferior extremities, the 
others being raised upwaid to preserve their 
equilibrium, as rope-dancers are assisted by 
long poles at fairs. Tlicir prbgression was 
not by placing one foet licforo the other, bat 
by simultaneously using both, as in jump, 
ing." Dr. Salomon MnHcr also slates that 



by the hind limbs, lie body being held alto- 
gether npri^t. 

But Mr. Martin p. c. p. 418), who also 
speaks from direct observation, says of Hit 
Gibbons generally : 

" Pre-eminently qualiBed for arboreal 
babilB, and displaying among tbe branches 
anin^ing activity, tbe Gibbons arc not so 
jwkwaid or eniliarrassed on a level surface 
19 iniifht be imagined. Tliey walk ereul. 
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with a waddllDg <ir uDsleady gait, but at a marked il9 flight, mndu n Icinx awing to « 

quick poc'e, the ei4ul:il)rium oF Ibc bodj re- diMaat bmocb, cniiglit Ibe bird wiUk odb 

quiriug I« bo kepi up, tilber by loudiing the hand in Jier possage, Hud atlaincd Ibc branch 

dwilh ibe knuckles, firat od one side wiih her oiber hnnd, her aim. both at the 

•a Ibe other, or by uplifting tbe arms bird aad nt the bTimch, being as sucecjslu] 

,0 poise it. As with Uie Chimpunzee, as it one object only Imd cugujccd Jicr alten- 

Ihe wbolo of the narrow, long sole uF the lion. It may hu added Ibat t>he xnEtanlly bit 

loot Is placed upna ibe gronud at once, and oft Ihc btud of the bird, picked lis feathers, 

raisedatonue. wilhoutMuycIanIicily Dt slep." and tbfn ihrcw it down wllhoiit altemplinjj 

After Ibis mass of conriirrtnl and inde- ' ' 



pendent leBlimoDy, k catmot rensunnlilv bo "On nnolher oci^QEJoit this animal iwuag 

doubted Ihnt the Oibboiis comnmnly and ho- herself fiom a perch, acruea a passage al 

biliially assume the erect altimde. least Iwclfc feet wide, against a wiadow 

But level ground U not ilie place where which it was ibought wou!u bo immcdialelT 
these animalB can display llitir very remark- broken : but uot ao ; I0 Ibe gurpriso of ell, 
able and peculinr locomilli'u pnwcra, and £he caught the narrow framework Iietwcen 
that pmdigioiia nclivUy which almost tempts Ibo panes wiih her hand, in an inslant at- 
one to mok Ihem aninng fljing. rather Iban lained Iho proj>er impelus, and sprang back 
amoDg otdinaiy clirnbin'r mammals, sgaiu lu ibe cage «he had left— a feat requir- 

Mr. Martin (I. c. p. 4^0} hn.H given »> excel- ing not only great ttreuglh, but the nicecl 

lent and grapliic au ac'r^ouui ff iln- move- piccision." 
roenta of a Uylabaiet nm'lX living tn tbe Z.io- 

logical Gurdens, in t^O, lliat I will ijitoic ii The Gibbons appear to be nnlu rally very 

in full : g(-nllu. but Ibero is very gftod evidence tii^ 

"It is almost impossible to t-anvey in they will bile severely when irritated, a fa- 
words an idea of Ibe quiekneaa auJ graceful male Hylobalf»agHU havingso severely lacer- 
} address of her movements ; they may indeed aled one man wJiU her long cnnines lliat he 
be termed aerial, aaaba seems roetely to touch died ; while she had injured others ao much 
in her progress the branches iimoii;: wliicb that, by way of precuulion, these formidablo 
she exhibits lirr evolutions. In iliese feats leeth had bten filed down ; but if Ibreulcned 
her hands and "ims are the sole orea»sof sbowouldslillluin on herkeeper. TtjeGib- 
locomotion, her body banging as if suspend- bonscatinsecls. but apncac generally to avoid 
ed by a fwpe. Buslnined by one 'iiiod (the animal food. A Siaman?, however, was seen 
light, for example), she launches hc-rbclf, by by 'At. Bcnncit to seize and devour greedily 
•n energetic movement, to a dlHant bianrfi, a live lizard. They commonly drink bydii 
which slie catches with the left liund ; but ping their Angers in the liquid and then licfc- 
herholdiBleaslhaumomentary ; tbe impulse mg Lbem. It is asseiled that tLcy bleep in » 
foilheneit laum;h ia ncquiri-d : tlLcbiunei sitting posture. 

tlien aimed at ia attained by llie rigbl hand Duvaucei «ffinn= Hint he has wen II10 ft- 

figain. and quilled inslnntuneously, nod so malescuriy Iheryoim^ to Ihe walei-s-ideond 

on, in alternate succession. In lliii< miiuncr there woeIi liieii' faces, in spite of resistance 

epacea of twelve and eighteen feel are and cries. They are geutle and affectionate 

cleared, with the greatest cuse and unir.Ier- in coplivily— fullof tricks and pctlisbneaa, 

niptedly, for hours togetiier, without the like spoiled childrtn, and yet not dRvoiil of a 

rligblest appearance of fatigue licing mnni- certain conscience, as nn anecdote, told by 

fesied : rmtf it is evident that, if mote epucs Mr. Bennett (1. c. p. ISO) will show. U 

could be allowed, distances very gtciitly ex- would appear that bia Oiblion ha<l a peculiar 

reeding eighteen feet would be as easily inclination for disarranging things in tbe 

cleared; eo that Duvaucel's asscrliuu that cabin. Amon<' t beau a nicies apieceof soap 

he has seen these animals launch Ihemfclvea would eepcciuTly alliiict his notice, and for 

from one branch to another, forty feet asun- the removal of tiiis be had been once or Iwioc 

der, Bl&Tlling as it is, may be well credited, acolded. " One morning," says Mr. Ben- 

^melimes, on seizing a branch in her prog- nett, " I was writing, the Ape being present 

icsa, she will throw herself, by Ibc power of in Uie cabin, when, casting my eyea toward 

one arm only, completely round il, making a him. I saw the little fellow taking the soap- 

levolution with such rapidity as almost to I watched him wiibouL bis perceiving that I 

" ■ -■-->-- -■ • ■ ■< uld cast B 



deceive the eye, and continue her progress did so : and he occasionally would 
wilb undiminiehed velocity. It is singular furtiTe glance toward llie place where 1. oo^ 
.0 observe Iiow suddenly this Gibbon can I pretended 10 write; he, seeing me busily 
slop, when the impelua given by tbe rapidi- occupied, look llie soap, and moved aw^ 
ly and dislaucc of her swinging leaps would with it in hij paw. When he had wilkeil 
seem lo reqtiire a gradual abatement of her half the length of the cabin, I spoke quietly, 
movements. . In the very midst of her flight without ftigiiteniog him. The instant he 
abranch is raized, the body raised, and she foundlsawhimbe walked bockagainandd*- 
is seen, as if by magic, quietly Bcaled on It, posited the saap nearly In tbe same place 
grasping it with her feel. As Euddenly she from whence lie bad taken it. There was cer. 
again throws herself into acijtin. tainly something more than instinct in thai 
"The following facts will convey soma action: he evidently tieirayed a conscious- 
notion of her dexterity and quickness. A nraa of having donuwiong both by his flist 
live bicd was let loose inber apniinir.t : ^a and last actions— and wlitt ia reason if thai 
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Orang will remain Tor hours lugc'iluT, In the 
~ ~ Bpol. nlmost willipiit Mimn^, iiii'l only 

,iul llicn u'lvinir iillfnili«! In ll8iltr|). 

liiJiT vi.ivi.: liy ihiy h-^ iisuuliy ilijiilis 
iiiui <.rily lit 
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TlieOranlj-UlaLi WLiuliI i^uuly siviii |.i l-x- 
ceed four feat in lidglii, but Uik lioJy is vi'ry 
bulky, meiifluriug Livo thirUs of tlia Ut-iglil ia 
cire urn fere line, 

ing-L^lun I3 found on\<f in Siimiitra 
and Boruen, and ia common in niiiiliur of 

,c islaods — lu liotU ol wljicii it 
ways in low, flat pli ' 

tains. It iovcs tilt ilensBst ami 111 jkL .surnliruuf 
tbo forests, wtiicli cxtcnil fiiim (lie sej-alurru 
lutand, and llius ia foiinii only in Iliu ull^ll;tn 
half of Sunialin, wliere alouo kul'Ii fnri'slscc- 
cur, tliou^'-ii, occa^onalij, it slraj-s ovor lo 
the wcslurn itidc. 

Ou lilt! utlicr iiQiid it ij goni:r.iliy disliDi- 
nted tlin)ii<;li Bui-ai:i), exckipt in thi; triouii- 
Itoins. or wiiure Uii: pnoulillimi is (iunsi:. In 
fcToriililo pliices liie iiunlei' inuy, liy gijiid 
tortuno, 8UU tiireu or fitur in a d.iy. 

Bxcupt In liie pairing llinn, the old maicH 
usually llvu tiy llmm'iclvcs, Thu old fcmiUi^ 
tind Ihu immiituiB raalts, on Uie oilier iiuiid, 
on; Oflen iiiel Willi in Iwdb and llireus ; and 
the foriutr oL-eiisiunitily Impu ynuuj; wiili 
them, llioiigii lliL' |ir(%'n^iut tenuilt^s nsimlly 
aepiirale thi'inselvoa. and somctinms U'm:i)n 
opart after tlie/ linve hIvm birlli lo Iticir off- 
Bprini;, Tliu young 0ran>r3 seem IfJi-cmaiu 
iinit«irilly long under liitir mnlliur's prutec- 
iiriii, (iroiiiilily in cimaptiiiL-nte of Ilitir slow 
Eniwih, VVfiilediinliing llie uidUmr ulwuys 
ciirrii.-s iier young agaiusl her bosnm, Hie 
younjj holdiug iin Dy bi* mulher's liiiir. At 
what time of life the Oruug-Uiua litcoincs 
capabie of propagaliou, nad hi>w iung Ihu 
females £0 witii yoUTij; is imkuonu, luit it ia 
proljabli: Ibat thty are not adult until lllcy 
arrive ut ten or flflecn years of age. A 
female wiiieh liveri for live years nl linlnvi-.i 
had not aiiiiined one tblid tliu height of (be 
wild leinales. It is iiiiibiil>lo ILal. afler 
reuchmg- adult vl:iis. iImv i;ri on growing, 
though sIu-aIv, iiml (ijiii ili"y live to forly 
or fitly vcai'hi. r/>.- Dy.ik^ t-ll of i.IdOrniigs 
wbieb iiiLvc uui uiilv II!--! iiil Iht-ir leelli, liiit 
whieb liiid 11 s,o iiouLksuiuo M dtml. Ihut 
tbey mniiilaiu thcmsulvi's on windfall-^ a.nd 
juicy luTbitjje. 

TbuOracg is Biug^isli, eibibitlng 



'fiiga 
am.jn- liia underwood. Wlicn nil Iiunlea, 
ho remuba a long lime in Ibo kaim loi'ulitv. 
and somtiimea sloiia for manyilaja <iii iho 

aorning liim for 11 linl. Ii i' i.re fiir ihe 

iorge''t 

draws CI > II, :l' iiiii l.t Hud 

secksiiii' : . . I ;.,-.- umi i.uiker 

purt,in-iii ■; . 1 -n.iiU Iml-, im^iag 

whicli li' I.I-,' . ii.Mirf. Piimuinl. or 
onecif rii. ■ 1 ■ . . ., .,» lUikb tiivu Lbe 

prinii:v;il I 11 ■■- ..i' 1;. I i, ,i Mij chill iidirislic 
and Btiiliing un npivaraiii-o. Hut wliprever 
be dutciminea in sleep, there he i^ripnics 
himself 11 sort of neat ; little taiiiclDt and 
ienvea aru drawn togolber nmud Ibu n'ittied 
spot, and bent crosswise over one iininher; 
whll^ to maku the bed Etift. grcul ti avc;) of 
fems, of orcbida, of Fimilicn'if fnarkuJarii, 
Nipa fniUmns. etc., are laid ui'er iliem, 
Th[ise whieli Milllersaw, maii.v nf iln-m being 
very ftesb. were niiu.iiLil jii ^1 'ImijIh i.f hu 10 
Iweniy-fivL- feel almvL- Uji- l'|..!i;I, -i ..I Ijih) o 
cireumfeicnc:", on IIiiiim!-,:. i :v, .1 • 1 ihice 
feet. Sotnc! were iiiiiiM.I iiMii-, ui Ik-, ibick 
wllh pnnrfrijiuji li'iivis ; (jili.i? \i • 1 ,■ lumiuka- 
He Duly for tbo triickt-d i\\\'^:^, iMliiIi, iiniicd 
In a commnn pculrt, formed a ii'i;ului' plul- 
fomi. " Tile rude kul," aiiy-i Wr ,I(imc8 
Brooke, " wbieb they are sliilul lu Uniid in 
the trtca, would bo mare prijperly ciilli-d a 
seat or nest, tor it luia uo roof nr cuvi-r (d 
any Bort, Tiie facility wiili wliieb ibiy form 
thid nest is curious, and I hml nu i>ppiiilunj- 
ly of seeing a wounded fimalu wviwa Ibe 
hranelits togeliiur and seal herself wiihina 
lalniiCu. " 

According loliieDyaks iheOrnng rarely 
leaves \\\s lied bcfnie llic .nii i-willDbovo 
tbeii(irl7, i;i:iiiil I-]-- ■(;=--"[vi:,. ( ■', . ,-.: r,:. Ho 
gela up I - ■ , ! ■ , :,!rflin 

iwiik'lil. 
bywriY, 
other, (1. 

n'^iit'";, ■ 



II the 



^i Ibe I 



■; ■ ■■ ■■ ■ ■, ';;;'""y 

mpn, 01- f^ni L.,w.-., ;.;„■ ij..,'-i 1,1 u liidi lita 
bed ia mailu, ;uid lie is L'S]iict:iilv caiiiful to 
wrap up his iiead in lliem. It'ia lliighnKK" 
ot eoverin,? himself up wbieb has probii^f* 
led \o tiiD fable that the Uruug builds hiils In 
,iir liim to Ibu trees, 
c lehipsts Allboogb the Orang rcsiticK mosliy iimUS 
, ii cuiveB the boughs of gtent irees duiinL: liie day- 
a Id look time, he ia ^ery laiely Menu MiiiiaUii^' on a 
thick braucb aa oiher apes, uud iJiirLiuularljf 
the Qilibons, do. The Umng, nu llio — 

trary, confluf^ bimEeif to ibu blctidet* 

btaucbtB, BO thai ho is Kecu riglil at ttie^j 



BVIDENCB AS TO MAN'S PLACE IN NATURE. 

Ot thelreea, a mode of life ivhicli is closely MiM l-ipivrigbi, Fi;:^. Ijlufs" 
rdalodtollioeoDBlilution ot Iiis LiudiT limba, leiivi's nf v-- ■■■ '■■■■' 



an j cBpcciullj to lliiit of hia seuL For 111 is nulrimi^ul of ILi' On 

is jiriividyd hIiIi uo i^ulliisilies sutli as big IjudIwo or llirtc fin 

pobECiM'd by muny of tbu lufi'cr aries, uud Blo'nath of a midi . 

cvtu \>y lliu CiibbnnB; and tliose bones (.f eul liviuc nninmlt;. 
Uio ptlvis, whkL are termed lliu ibcIiIj. und Allbotigli, wlii-ii liilipr 

Vfliicli fotm lliu BoUd fiaiuework of llio Eur- Ulan aoou becomes dome 

face on wbldi tliu body iceia iu (lio eilting sceuia lo court bumon Hockay, it is tiutimdiy 

po&tui'o, uic nul txpandcd like IboEu of Ihc a vuiy wild uud shy uuiuial. llioiigli ii|)|>tt- 

apfBWhitli piisscsa caUotilits, but aiumoro rentlyduggisbund nitliuirUcly. Tbe Dyaks 

like UiOEu of muu. ufflrm thai wln-n tbt: nbl iii:iii>!i nre woiiiiJed 

An Oiang lilinibs eo sluwly and caul ioua- witbaninvs 'inly ilii> will ,,tL nsiiintilly leiivo 

tuanuuupc, lukiug pniilcuieof bisftel. bu nites. whose s-.k^ -wu-i} Ik-^ irj iii^umt lliglil, 

tttat iniuijot Ibim' nwnis to nffecl lilm far aa iLty arc aiiri.' lo In.' kiir I i; '-.uu'lif. 
tnoielliaait dotsoltieiiipk-e. Uulilielbu Gib- But,llu)U(;lipoB-<L'ssi:,l <>: ii'. < ^H'mmU. 

bone, wliose foreuruis do llie pialer puf' of it iararcfnrlbuOMLi.^i.i i : ■ ■ i l- 

thewotkuelb(.'yswii)gfr(.nibiaiidil<>bitincli, self, capi'cially irbcii iiii.it ' i '>'■' 

IliQ Oruug novcr mulies <iveu Ibe GUiall- QubucIi ■iceiisii.mzi lii: tii 1. .1 ■"- 

en Jump, lu dimbiog lie movta ulleiuulely self, or to osch(il' iilnrii.' lii 

une Laud and ouu focil, or. after iiaviog laid of tketrtea. b:i'iihb>:; ;>IT : 

fafit hold wilh ibe JiandB, hi; draws up bolk the bougUs u« be i.'.".s. "> 

feet Ingelher. Iu passing from onu Ircu to betakes bim^eit u> On- 

another he alnaya teeks out a. piaou where poiut of tiiu ire. lui-i rmii' 

the ln!gs of bolh come elb^e tugeiber, nr in- conEisling at llint of iiicii 

leilure, £vin when cbistly puisucd, hia length decpeu ioio a low rum. u<'b uuuu.- 

circumBpetlion is amazing ; bu Bbakes the that of a piinlboT. Wliile ai'lUj,' "nt 'liB 

branches to Boe if tbey will Ix'ar blm, una high notes the Oraiig liirusls out his lips lalo 

Uien bending an ovci bauging bough liown a funnul-sbape ; but In uCreiing llifi low notes 

by Ihrnwingbisneigbt giailuuiiy ailing it, ho ho holda bis moulli wide open, and at Itie 

makes a bildge Irom the tree iie wishes to same lime lliii gri:al Ibront bag, or lurynj;[uiil 

quit to llie next. sac, beeoines diKlendad. 
. On Itie ground Ibe Orang always goes la- According to tiii; Dyiilu, llie oui; aiiimiil 

boriousjy and Ebakily en ail loins. At tiie Orang munsun^s his sirungtb wiLli ia tbe 

Stalling he niil run faster than u niau, crocodile, who ocaasionully seizes Idm ou hi* 

tliODj;!) lie may Boon Imj ovcruikeii. The viaita to llie water-side But liioy aa^ thU 

▼ery long arms which, when be runs, iire but the Oraog ia luiiru Ihau ik inalr.li for his e""- 

Utile bent, raim: Ibe Ixidy of the Orang ru- my. and beats him 10 deulii. or lips up 

maikably, bo Ibnt he nseumes miitb tbo pos- throat by pulling lUe jaws aaundcr 1 
ture of a very old man betit down liy ace, Hueli of wliat has been lieru slateil wi 

1. and making IiIb way along liy llie help of a probably deriveil by Dr. MnUer fniin Ihe 

f^ nick'. "Iu walking, iho iiody ia usually di- ports of hisDyalt hunters; but a large m 

reeled straight foiwnrd, unlike the other four feet high, lived in capliTily under 

opes, which run more or less obliquely, ex- obacrvulion fur a raonlh, and receives a 1 

cept ibc Oibbuue, who iu lliesc. us in ao bad cliaiaeler. 

viMoy other rtepeels. depart Tcmaikably " He v/aa a very wild beast." says MUllE 

front their fellows, " of prodigious strength, and false and wic.„. 

The Orang ciinuat put its feet flat on the ed to the last decree. If any ono upproaehed 

ground, but is tupjioiied upon Iheir outer he roso up slowly with a low growl, fixed his 

cdgce, the htel leGimg mure on the ground, eyes in tlip direciion in which be meant to 

while the curved iolb ptirily icst upon the make hia lutack, slowly passed hia hand lic- 

ground by Ibe upiHirsideof tbeir drsl joint, tweeo Ibe bars of his cage, and lhen,cxIeDd- 

the two DuLeimott toes of eiicli foot com- ing bis long arm, gave a sudden grip— usuaU 

plelely re^iiug nu this surface. The bands ]y at the face." He never tried to bile 

—c btkl iu Ibe opposite manner, Iheir inner ltllDU<'h Oranges will bite one another), his 

'- "--■ ■■ -'■' ' -- ■ The flu- - - -' -"■ -* -■-■'■"--" '-■— 



llonal fulcium. have considered its intelligence to be only a 

The Oraug never slands on ii- bind legs, little higher than that of a dog. 

■sd all llie pieliircs repreM'iiiiii;!; ii !is ao do- , His hearing was very acute, but the sense 

b^ are as false us Ihc usfi'iii 11 1 but it de-' of vision seemed lobe leas perfect. The un- 

fends itself with slicks and iIil^ like. <ler iip was tlie gi-eat organ of touch, and 

TheloDgarnisareofet^peciul use. not only played a very important part io drinking, be- 
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EVroENCE AS TO MAN'S PLACE IN NAT0R& 

leDls of llie half cocoanui shell full of water nuittc nporlure, ilio muscleH. on cncii side, 

wiUi wLioli tlie Or&ag was supplied, auii do not eiiend to tlic crown, a space of from 

irlilcli. indrinkiag,lie pourcdiuto tltetrougli 1 to 2 ioulica remaiDing bctweva llii-ni. and 

Ihiu fiirmod. alnag llieir margins small ridsL'a are formed. 

In Bornet) llie Orang-Utan c! the Malays IniermediaUi forms are founS, in wl.icli tho 

COea by Ihu uame of " Mitu" among the ridgea meet only iu tlie liindtr part of Ibo 

Dyalcs. wliodiatiiieuii-h several kiudu aa J/wm skull. Tlie form and size of tho ridges aru 

fippa/i, nr Zinto, Mian Kanmt, and Mia therefore Independent of age, being anme- 

Bambi. Wlidliur tlieav are distinct tspeciea, timi's more atrongly developed in llm less 

bowevtr. or wliellitr tliey are mere rat'es. and aged aniinnl. ProfesBor Temmintk alalcs 

bow far any nl tliem uru identical with Ihu Ibat the eerie? nf skulls iu the Lcydcn Muse- 

Sumatrau Urang. ns Mr. Wallace ihiaks the um shnws llie enme result." 

Hiaa Pappan Iu Itu, are prohlema which are Mr. Wnllari^ (iliservtd two male adult 

8l present undecideil ; aud ibu vaiiahllliy of OrangA(MiHsKii9«u ril ihe DyakH). bowcver. 

these great apes is so eiileDBlvo that lliu ael- bo very diiTcrent tr»ni any of tliese that tie 

tlement of the question is a inalter (if great concludea lliem to be apecially distiui/t ; 

dilHcultv. Of the fnrm called "' MiuB Pap- Ihey wi're rei.pectively S feet 8} inthea anil a 

En, "Mr. Wallace observes: " It is known feet fti inches high, and possessed no sign ol 

itB largo size, and by the lateral cxpunhion the check excicscenceB, but olherwiBO r^sem- 

Of the face luln fslly protuherunces, or bled llie lat^r kinda. The skull has nu 

ridges, over the temporal muscles, which creat, but tw'i bony ridges, 1) to 3 inches 

have been mislemied ealloatiea, as Ihey are apait, us in thn SimM miiria ol Proressor 

perfectly soft, smooth, and flexible. Five of Owen. The teclh, however, are immense. 

thia form, measureil by me, varied only from equalling or uuipaading those of Ihe other 

i feet 1 inch tu 4 feet 2 inches in lirighl, species. The females of both ibesc kinds, 

from the heel to the crown of the head, the according ID Mr. Wallace, are devoid of ex- 

prlh of the boily from 8 feet to 3 feet T^ creaceuces, and resctnliiu the emnller males, 

hiches, and Ihe extent of the oulutreiched but are shurier hy li |r> !! inches, and their 

trms from T feet 3 inches to 7 feet 6 inches ; Conine leelh are comparatively email, sub- 

the width of Ihe face from 10 to 13} inches, truncated and dilalcil at the baao, as in tho 

The color and lenglh of the bdr varied in so-called Kmiii mono. Which is, ia all prulia- 

different individuals, and in different parts of bilJIy, the tkull of a female of the same spc- 

tho same individual : fomo possesBed a rudi- cies us Ihc smaller males. Biitb males and 

tnenlary nail on the great toe, olhets females of this smalk-r species are dlslln- 

Done at all ; but Ihey otherwise present no guit^liable, according to Sir. Wallace, by the 

external differencea on which to establish compurallvi-ly large size of tlie middle inci- 

even varieties of a species. sors of the npper jaw. 

" Yel, when we examine the crania of Ihcse 

Individuals, we find remarkable differencea So far as 1 am aware, no one has nllcmpU 

of form, proportion, and dimension, no two ed to dispule the accuracy nf the s'atcmoQts 

being exaclly alike. The slope of Ihe pro- which I nave just quutcii regarding the hab- 

(lle, and the projection of the muzzle, to- ils of tnelwoAslalJcmaD-likeAr.es: and If 

gelher with tlie size of the cranium, offer true, Ibey must liu admitted as tvidenco that 

difTerencee as decided us thoee existing lie- such an ape — 

tween thu moat Blronely marked forms of Islly, May readily move along tho ground 

the Caucasian and African crania iu ibuhu- in the erect, or seml-ercci, position, and 

man species. The orbits vary in width and wilhout direct suppui t from ils arms. 

height, the cranial ridge is either single nr 3tlly. That it may possess an eitrcmelj 

double, either much or Utile developed, and loud tdIcp — so '.oudas tobereadllyheard ond 

Ihc zygomatic aperture varies considerably or two miles. 

in size. This variuliDO In llie proportions of 3dly, That it may by ca|iabie of great 
the crania enables us satisfaclorily to explain vieiousQcss uud violence when liriialcd ; and 
the marked difference presented bv the sin- this ia especially true of adult males. 
rle-crestcd and double-crested skulls, which 4tbly. That il may build a nest to sleep in. 
Rave been thought to prove the exibiencu of fiuch being well^eKlabllbhcd facts icspcct- 
two large species of Urang. The external iug Ihe Asialin aulhiupoids, analcgy alooo 
■iirface of the skull varies considerably in might justify us m expecting the African 
tiSE, as do also the zygomatic aperture and spiMiies looffer similar peculiunlicB,srparale- 
Ihe temporal nmscio ; but they bear no ly or combined ; or, ut any rule, would de- 
necessary relation to each other, a small stioy Ihe force of any allcmpted u jn-Mri ar- 
muscle often existing with a largo cranial gumeni against tuch oiiee.t tcsllniuny as 
■urfoce, and tw oerSj. Now those skulls might be adduced in favor of their existence. 
whichhavelhelargestandstroDgest jaws.and And if the oipinizaiion of anj of the Afri- 
the widest zygomatic aperture, have the mus. can apesciuld be demonslinttd tu lit it bet- 
clesBo large that they meet on the crown of trr than cillier iif Its Asiatic allies forlho 
the skull, and deposit the bony ridge which erect piisilioa and for ilUcieat nilack, there 
aepanites Ihera, and which is the highest in woulii lie hlill Iom rnisoii for doubling its oc- 
Ihat which has the smallest crauial surface, caitionat a'lupilon of the uprif^ht alliludeor 
In those which combine a large surface with of aggrchsive iirueeedioga. 
comparatively weak jaws, aud smau zygo- From the time of Tyson and Tulpiiu 
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downward the hftbiCs of lli«yotiiiBt;bimpiu- 



truslworlliy evidcoce as to the . 
custoniB of adult anihropoids of this cpecice, 
!n Uielr native woods, nun nlmost waiitiij% 
up lo (he lime of the piitjjicaiion of ilic pa- 
per by Dr. SaYiv^, lo wliicli I Iiavc already 
ref«rred, coDtaL-log noii's of ilio obscrvu- 
liona wliirli he made, find of Uie iofoimalioa 
wlilcli he coilecled from soutcea which he 
conaidcfed truiilwoithy, while resident at 
Cape PulmuB. M Uie north- wester a limit of 
the Bight of Beuiii. 

Tlie adult Chlnipanxees. measured by Dr. 
tinruge. ouTer cxeeeded. Ihouf^h (he males 
may ulrnofit altulo. lire feet In hei);ht. 

■■ When at reaC. the Billing posture la that 
giaErally axsumfed. Ttii'y ate aomctimea 
■eca alaadiup and walltint:, but when Ihua 
■{elected, thi-y immediutely"tak<i lo aJl fours 
(ind flee from the pres(.-iii:e of the obaerver. 
Kuch is llielr organization that lliey cannot 
slAad eretl, but lean forward. Hence they 
are Eecn. when Etunding, wlUi the hands 
clasped over tho occipiK, or tho lumbar re- 
gion, which would seem necessary to Iwluico 
or eaae of posture. 

"' ThB toes of the adult are strongly deied 
nnd turned inward, and cannot be |M:rfcctly 
b(raij;hlened. In (lie nticmpi the skin gath- 
ers into thick folds ou Ihti back, showing 
that the full expansion of the foot, aa ia 
ncceesury in walking, is uoDatural. The 
DBtural positioa ia on all fours, the lH>dy 
onterioi'ly resting upon the knuckles. These 
are greatly enlarged, with Ihe Bkin proluber- 
•Dt and thickened hke the hiiIp ol the foot. 

*' They are expect climbers, as one would 
auppijae from their organizalioa. In Ihdr 
gambols they aviug fi<,ui limb to limbal a 
great distance, and Imp with astonishing 
a^ilitj'* It is >iot unuBual to see Ibu ' old 
folks ' (in the language of an oliserTcr) ait. 
lia^ noder a tree regaling Ibemselvca with 
fruit and friendly dial, while tbeir ' chil- 
dren ' are leaping around them, and swing- 
ing from tree to treo with boisterous merri- 

" Aa seen here, (liey cannot be callc<1 
gregarioM. sddom mare than Ave, or tea nt 
moat, being found tiigetlicr. It baa been 
said, on good authority, lltat they rK;casion- 
ally assemble in large numbers, in gambols. 
Hy informant asserts tli'ithoiinw unce not 
)csi tliuti Hhy so engaged, hooting, scream- 
ing, and drumming with Hlcksiipon old logs, 
which is done in the latter casu with equid 
facilily by the four extremities. They liu 
not appear ever to act ua the olfensive, and 
seldom, if ever, really on the defensive. 
When about to bo captured, they resist hy 
throwing their arms aliout llieir opponeiil, 
and attempting (o draw him intu coulaet 
with llieir tuelh," 

With respi'ct (o tliis lost point Dr. [Ravage 
to yen; explicit iu amthcr place : 

" jAfi'i? Is their priocipal »it of defence. 
I hare Beea one man who bad been thus 
«everely wounded in tUo feet. 



"The strong development of the canine 
teeth la the ailiilt wiiuld seem ta indicate a 
carnivorous iiroju-nqily ; but in un state save 
(hat of d'liiiesliciiiiria do Iliey manifeat it 
At lirHt Ihu' reject flesh, but easily acquire 
a fondness I'lir IL The canines are catfy de- 
veloped, iiuil evidently designed to act the 
impnrtant part of weapons of defence. When 
in contact with man almost ilic first effort of 
the animal is— (c hili:. 

" Tliey Bvoiii Ih ; ahodesof men, and build 
their hahlLitiiind in tccus. Their construction 
Is m»re that of ne»t» than h'lU, ns they have 
I'lten erroneously termed by aomu natural- 
ists. They generally build noE far above tho 
ground. Branches or twigs are bent, or 
partly broken, and crossed, and Ihe whole 
siipp»rl«d by the hmly of a limb or a crotch. 
SL)metlm';s a nest will be found near (be end 
of a rfTOiu Igafg brancli, twenty or Ihicly feet 
from th'j ground. One I have lately seen 
thatcoulJ nut be less than forty feet, and 
more probably it was fifty. But this is an 
unUHiml height. 

" Their dwelling-place is not permanent, 
but clianged in pursuit of food nod solitude, 
according to the force of circumstances. We 
more often sec them in elevated places ; hut 
this arises from Mie [ui:t that the low grounds, 
being more faviirabli: for the natives' ricc- 
^rms, are thaoftener cleared, and hence arc 
almost always wanting in suitable trees for 
their nesis. ... It is seldom, tliut more than 
one or (wo qbsCs are seea upun the eame 
treo. or in liie same neigliborhood : five have 
been found, but it was an unusual clrcum 



) memlvers of their 



their vile propenslttes, they liavo degenerat- 
ed into tlieir present state of organization. 
They ace, however, eaten by them, and 
when cookijd with the oil and pulp of tlie 
palm-uiit considered a highly palatable 
morsel. 

" They cxiilbit j remarkable degree of In- 
telligence iu theii hahits. and, on the part of 
the mother, much jiHeclion for Iheir young. 
Tile second female described was upon a 
treo when first discovered, witli her male 
and two ^oung ones a (male and a female). 
Her first impulse whs In descend wilh great 
rapidity and make off inio the thicket with 
her male and female oHsprrng. Tho young 
male remaining behind, she soon returned hi 
tho rescue She ascended Hnd look him in 
bur arms, at whicli moment shi- was shot, 
the ball iiassing through the fuieaim of Ihe 
young one, on its way lo ihe heart of the 
mother. . . . 

'' In a recent case (he mother, when dis- 
covered, remained upun the tree wilh bar 
offspring, watching inteuilyilie movemenU 
of llie hun[er. As he took aim. she motion- 
ed witli her hand, precisely in Ibc manner of 
a human being, to have him deaial and go 
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•way, TTIien ilio (vmiuil hits not provefl In- 

rtanlly fBi;il. Ui' y \vivi\]]fm hnonni to Mnp 
the flow of liUoii 1\v privaiiii,' wlili the himd 
iipnn tlic pill. Hill) u-Iii-ri ifipy did niiF fUr.- 
ceci. Ill :i|i]il7 luivi-a Ml I (TinsR, . . . Wlica 
shut. Ihi'j f-U'i- )L pivlilcn s' iccrli, not unliko 
th^L of a tiuiiiLin liclii}; m biiUfU'n and acuta 

" Thi! onliDiiiy vr.iL'u of liiu Chimpaa/ee, 
iowevcr, ia iifii "cmii 1o liu lioarsc. (nilltiral, 
uul nut M'ry Iiutd. Kniienbat like ' wboo- 

The nnul'isy "if llio Cliimpiinzco lo lli^ 
s ncKl4iiiil'.1in.;,' liubit uiul In Uie 
mode of forming ilanisl. ia cxcfctiiDCly in- 
tercslin", ■wliilt, on iliu ol!ii;r band, tbe oc- 
ti7ity of litis npy. nnd iia lenttircv lo bilo, 
nre pftrliciilnra in ivliiEh itriillitr rrnemlilBB 
the Oibbuns. In (Mcnl of geogntpbicttl 
rangv, ogain, Itic Cliimpanxces— wlilcU aro 
found froni Sieini I.pi:]]!; lo t'tingo — rctniad 
one of Uio Gilili'TT'^ ■ -'(i.T !!r-n nf cttlier of 
llie Other mnii !■' ■ \' ■ ■ ■ ■ I ',' lii-craa not 
unlikely tliiii, . /Ii ilie Gib- 

bons, Ib(;reni;i\ \ ; -.-[■[(.■ad over 

the geogropliii .il .1!! , -" (:■■■ ■j-niih. 

ThcBamocxcdl'Tit olwervir, from ■wbom 
I have borrowtii Ibo preceding acnonal of 
the liabils of tli'i ndtilt Chimpanitce, publish' 
cd, llftccn yravR nj^o,'"' nn aecoiini of llie 
Gorilla, wiiieb hns, in ils most essential 
points, twen confirmed by subscqiiont olisor- 
vets, and to which so very little bos really 
been nddeil. tlint, in justico to Dr. Havage,! 
give it almost in full : 

" It sliciiii! liu licrno in mind tbcl my nn- 
count w 1 used upon tho 6tnlement& of llio 
aborisiiit'a cif Ibat icgion (tho Gaboon). In 
iliis c'O'iiiioiiim ll mny ulsii bu prnpiT for iiic 
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and chill, willi scniieted S''"y ' 
under lip highly motiile. and (Mpttlili: of threat 
elongation when tbc animiil ia eurageil. then 
hADgiQLf over Ilm eliin ; Hkiii iif U\e facu and 
e»rs naked, and of a dark-brown, approach- 
ing to black. 



Iiali'.i 



.\fni 



Rli.dyiii 




Ike history nud habits of iLi inlercaLinf; ccn- 
gtmtr CTiyt,: ii^i-. Geoff.), Iwaaaliltlo acpa- 
raio' their nciamnls of tho two animtils, 
wbicli, liaein;; Ibo aamc . locality and a Himi- 
laHty of habit, aro ciinfoiindcd in •hii miada 
ofthcuusa, especially as but few — such us 
irodcrslotbc ui tot lor, and hunlEiDEn— havo 
arer seen llic animal In question. 

"The iriba from which our knowledge of 
the animal ia derived, and whose terntoiy 
fotnis its habitat, ia tho Mpongwa, occiipy- 
fni; both banks of tbc River Qnhooii. from 
Its moHlli 10 some fitly or eisty miles up 

"If Ihuwonl'Pongo' be of African origin. ^ ^, 

It la probably a corrnpiion ot ibe word of thu snglttui suluic, wliicb t; 

Mponsae. Ihe name of tbe liibo on the banks ly wilh a transverse rid;.;!; of iLo saiiic, but 

of the Gabaun. and hence applieil lo the Itas prominent, lunningVoiinil fiLJii ihe back 

T^ion Ibey inlmbil. Their local name for of one ear lo llie olbcr. The aninrl biisdlnj 

the Chimiumzce is Eneli/.eko. as near aail powerof muving ihe Ftiil;! lu^ly f;)n-.-ard 

Cttu bo Anglicized, from which Ibe common and back, and -wlvn < iiri(^;c(l \i p.iiJ to eoa- 

Kinn' JncKu' proliably comes. TboMpong- tract il sininglyovtr Ibi'Imiv.-, liius btiuMcg 

wcappellalion for Its new convener is ff«ff^ down lUe haiiy ridge mid pcinliiig llio hair 

ana, prolonging the soinid of Ibe first vowel, forward, bo aa lo present au indescribably 

-"d lightly sounding the second. fcruclous asQicL 




EVIDENCE AS TO MAN'S PLACE IN KATDRE. 



"Neck BlioTt, Ihlck.BDil Luiry : uhust ard 
riiouldtiK very Ijrunii, buUI Ui iiu fully duubie 
the t-iai ot llic! Enciin-ekiis ; aiinii very Icuff, 
iBBChiug BniDU \i'uy licliiw llin knee— llie 
forcurm mucU lliL- bIimIusI; 1];;i:iib \cty 
Inrgt-, the Uiucilis mucli luiyi-r tlmii ilie flo- 

fiCIv, . . - 

'■ Tliu piit is f liiifiliE!.' , liji' DJ' Urn r.f Ibe 

lioJy, ivliirli i^iii-,'i III. I. ill ,, ;,i iiLiii; hut 

bent f(j ' ■ ' - 



IlioClr 



si,!.:. T!r 






the iKidj 1 



Imlf-j! 



llllf-S' 



111 IhiJ 



f^iiij; B 



Bnid 



not lo ll'-s Iho fiiig(TH, lis di-CB lliu Ciiinlpan- 
zer, reslini; on iiN kmicblos. Inil In '.'Xtend 
lLem.mukiD|T ufiilcmmuCilie liund. Wlitn 
1l a.^KUmra the ivniltin;: poslu'c, Id wlik'li it 

iSBiiid I"!"- 'V'-h Mir>liiii'[|, rt Imliineea its 

liu<!i' ii ii'v ii. |1 '■'■_■ ii- iirms (ipnard. 

ous ii< III ■ ■ iliL' fiiinfiles genn- 

ally i-vi !■<■ ! :;,!■ ,.'i;! .ex in number. My 
infotniNtiH !ill ii^TCL* In llie naaerlion lliat bu' 
ODU iidiilt mulu ia kixn in it band ; Ibal nbei 
till; yiJiinj; males prow up n contCBt taRcs 

Slucc fur mnxlety. i<ml Ibe tlrongesl. by kitl- 
igand (Irisin;; out iba oibcrs. eBlablisbM 
Umsclfna Ibu livad of Ilii; CDmmmiity. " 

Dr. 8aviij;(;iepudiaii-BlIiC'i[ci.'''salMut Iha 
Qorilliw tiarryiug (iff womeft and vr'qiaah. 
'a^ vIopliHUis. nn.l ibm udda : 

"'rjiL'il- ttwi-lllng*. if Uiey niny be so 
tmUctT, nro siitdliir iii Ibosu of liic Ciim- 
lUBiwiir conMsiiiig simply 'if b fi-w flickii 
■nit tunfy bniiielies, Mipporlcd by Iliu 
csiolcln-s ;mil iiiuli.j ni irfL^a: Ibcy afford no 
II- .:.:i 1 .'niyotulEbt. 



aln-a;.'-' 



ate 



They 111.- u..].,is ui iciHir t.i ibu iialivos. 
Mduie iicvti- fncoiiaUri'd by iIjlti except 
- tmlito dufi^iisLve. Tbe few liiat bnvc !>ccn 
tikptured n'Cru killcil by ekidiiinl-hunlerH 
and native Imdurs, ns they came suddenly 
upon tbeiii tvkile nusBiiig ibrougii the 
foresls. 

"It is said Hint ^bpn ILc mnk ia first 
wen be pWts n lerrille yell, Ibiit resuunda 
.'[irest. somelliing 



la thin) is crushed between liialeelb, and tbii 
eDconnlcr soon proves falni iu ibu biiu'.er. 

"In llie wild Eiule Ibuir babils are \b 
generiil like (liiise of llii! Ti'"fi'-<lsl'ii niger, 
liuiKliiis tliuir Mcsls iDOsely lu Irei'H. livisg 
^a Riiullur rriiita. and eliiii]ij;lnii >li<'ir pliice ol 
resort friiiii fr.nu i,f eiiciiiiiMiniws," 

Dr. SavH^u'i uU^trviiLiui- wiH' i-fiiitirmed 
and Bupiik'menlcii In 1' -i '•■'■ i ' inl 

the O^irilhi 111 Ibv I'.iHi' .nv 

of Sciences, ill IMo-;. 'iWin ..,,,..■ -, ;iu: 
geograpbifid ilislnUiiliiiii 111 ilii- L<ir;,:,-i oi 
iiU Uie man-like A|"'s. Mr. Funl ^fUMi ;m, . 

" Tbia itnimul iidmbiU tliii r.iu-.' ..] m .im 
tains lliat Irareisu Ibe Inlerior oi UiiinL-a 
from lliu Camuriiou iu Ibe nnrib (o Annolff 
in Iho siinlb, iind Hl)out lUI) milca iiiLiiiil. luiii 
called by tbe gtograpbeia Ciyt^iTil .Moiin- 
toinB. Tho lim.I lo which this <^iihii;il i'\. 
tenda, c^'.ber niirlb or eoiilh, I am MimMe 
to defiae. Bnl Ibat iimllia doubllt^s sum; 
distance noilli of Ihis river [GabonuJ, I was 
able to certify uiy^elf uf ibis fuct in a lale 
excursion lu ibe lieod-walcta of tlic Slurmey 
(Danger) Rivur, wbitb m:i;ii'm Iniu Uie srn 
sons six I y mdea Enini tin- | l.r •■. I .'-in iii- 
formed (credibly. I Umi. . 'i ■ : ■i' e 

numerous nm-mg Wk nil 

that liver rises, iiuil far i. 11:1 ■ 

" la ihcsuulb, ihiss|.._i.. 1..-.1 .1 ^:. i lI'u 
Congo liiTcr, a^ I iiin loll! byiiaii^i; Inuifs 
who have visited Ibe coast, between Ibi 
Gaboon ami ihiit river. Oej'ond lliul, I na 
not informed. Tbis nnimui is only futiiiJl 
ut a distance frinii ilic cou.st in most eiuiei, 
and, according lo my beiit Infotmarioii, ny- 
proaehes it iu.n-lie,L-so nearly as on Ibe soul J 
Bide of Ibis liier, wlicru II11 v bavii bee', 
found Wilhiii li'ii lliiics '-f Uic k:i, Tlilr^ 
however, is diiiy 'm ] i:.' . 1 ■ ii . I ^ii 
informed bv 1 ■■ -i^wt 

men llial furn. . -in 

may lie foiiiid tWilitii Ii^tIi' i> 'in r "nii. <>1' lU 
moulb. Foimi-rty lie lubiLbiIi.d (lie iiiuuu 
tainous ridgB ivheic flusbmen alone inbBb 
ited, hut now be iKddly approaches . thr 
Mpongwe planlaiions. This ia doubtle» 
lofilif araitiiyof lufoiiu.iiion iu 



i yw 



I! opprir 



like I.h- III ■ i.h 




I'l.kmgicd unil shrill. 


HiK III' ■ 




■ widely opened ut 


c-ocb < -^ 




.1 ler-lip bangs over 


Ihe.b.ii. 1.1 , 1 ■ 




liil^'e and scalp are 


conlriiit.d iiiu.i 


11, ■■ 


iiiriw. preaeniiug an 


aspcol. (if i(iil,',-ci 


l..ilil( 


iero.Tily. 


"Tbe IViTiak 




yomig, at llie first 


cry, quickly 1 


-n[ii> 


ar. lie Ihcn np- 


primcbea IIil' en 


uiy 1 


1 t'ii"t fury, pnuriug 


out bU Imnid 




11 i^iiick succession. 


Thchuiiler awai 


shis 


TppiDacb Willi ilia gun 


exleiuk-d: if iii.* 


aim 


siiol sine be petmKa 



arriesltlc bis moulb (wliicb \* liis liabit) 
«firca. Should lliugnn fail lo eo ofT. the 
barrel (ihat of (he ordinLiry musket, which 



IDE a knowledge of ihc animnl bi.ie not 
becnwauiiDg; irudcrs linving for one liun- 
ijred jcart fitqiienltd this river, and spcri- 
meoK, Micli as have been brought here with' 
in a year, could not hRve been exhibileil 
wilho'it having allractcd the uilunliou of Iba 
moatsiupid." 

One specimen atr. Ford exiiroined weighed 
170 lbs., wtihout the ihoracic or pelvic vis- 
cera, mid measured four leel four inches 
round lliu chest. This wtiler describes so 
miaulelyHndgrHphicailv Ibeunsluiigbl ot llie 
Gorilla— Ihoiigli bu does iinl lor a moment 
pretend lo have wimi'ssLf) the scene— llint I 
am tempted m give Ibia pari of liis piipec 
in full, for comparison with other naiialivea : 

" He always lises In his feel when malting 
an attach, though he approaches hia antilf- 
onist in a etoopmg posture. ' 



EVIDENCE AS TO MAN'S PLACE IN NATURE. 

" Thougli be never lica in wait. yet. nben Savri^e aad Fotd. should Lave m«l wltb tc 

be liuars, sees, or sccDla a nuui, hi: inimedi- mudi aud siicli h'Mur oppnsillou. If «uU 

■Icly uUers liis rbaractcristic cry. prepares traction bv niudo of nhut whn known iMCore. 

for nn attack, and ut way a acts on Ibe often- the sum and subatunceof what M. Du Cbiil- 

■ire. The cry be utters rcaembles a grunt lu baa uibrnicd as a mailer of bia own obUT' 

more than a ^rowl, and is similar lo the vaiiou icspecliOK lliu Gorilla, is iJiat, on 

ery of the Chimpanzee when irritated. Imt advancing lo the attack, the great brute 

Tutly louder. It is aald lu be audible at IkhIb his ebeit with liis i&in. I confess 1 

R great dislance. His preparation consists see Dollilng very impralHibJe. or very much 

hi attending ibe females mid young ones, by worlh diiiputing uboul, in iliis liialcmuut. 
whom ho is usually accompanied to a little Wilh lespect lu Ibe other muniikc Apes 

distance. He, however, soon returns, with of Africa. SI. Du Cbaillu tells us absolutely 

his crest erect and projeetinc forward, bis nolhiog, nf his own knowlt'dge, regarding 



nostiib) dilated, and his under-lip ihrnwn the common Cliimpanzee ; but he informs 

dawn ; at the same lime uttering his chamc* us of a buld-beaded species or variety, the 

terislic yell, designed, it would aeein, lo ler- mahkgo mboucs, wbicli builds itself a shel- 

rify his notagonist. Inslaiiily. unless he is ler, ond of anolher rare kind wilh a com- 

disiblcd by u well-directed shot, he makes paretively small face, large faciul angle, 

au onset, and, slriking his anlagonisl wilh and pti'uliar note, resembling " E00I00. 

the pa'.m of his hands, or seizing bim with As the Orang Ehellers Itself will) a rn-jgh 

a grasp from which there is no cFcape, lie coverlet of leaves, and the commun Chim- 

(tushes htm upon (ho ground, and laceiales panzee, according to that eminently tnist- 

him with his tusks. worlliy idiserver Dr. Savage, makes a sound 

"He is said to seize a mutket, and iu. like " Whou-wboo"— Ibe grounds of the 

itanlly crush the barrel between his leelh. . . snmmary rcpudialion wilb which M. Du 

This aiiimal's savage nature is vtry well Cbaillu's slali-nietils on these malteta have 

shown by thi: implaeabb desperalion of a been met is not oliviouif. 

young one that was brought here. It was If I have absiuined fjom quoting H. D11 

taken very young, and kept four months, ChniUu's work. iben. it is not because 1 

and many means were used lo lame it ; but. discern any inlierent improbability in his 

it was incorti.uible, so that it bit me an hour asBertiona respecting the man-like Apea ; 

befiiie it died." nor fiom any wish to throw suspicion on 

Mr. Ford discredits the house building bis vtraeily ; but because, in my opinion, 

and etc phnn [-driving stories, and sayatbat so lung as bis narrative remiiias iu its pies- 

30 well-informed natives believe them, enl siuie of unexplained and appntenlly in- 

Tbey are tales told t'j children. eiplicalile confusion, it has no claim to orig 

1 might quote oilier testimony to a similar Inal authority respecting any subject what- 

effect, but. aa it appears tome, less carefully soever. 

weighed and sifiea, from the letters of HM. It may l>c truth, but it is not evidence. 
iTranquet and Qautier Laboullay, appended 

to the memoir of M. I. G. St. Hilairc, which 

I have already cited. 

Bearing in mind what is known regarding tsTilCKS CANKmiLiBM is the histkehth 

the Orung and the Gibbon, luc stalemenls cestury. 
of Dr. Savage and Illr. Ford do not appear to 

nu. lo bo justly open to criticism on d priori In turning over Pigafeltn's version of the 

KTOunds. Tbd Gibbons, as wo have seen, oarralivi: of Lopez, which 1 have quoted 

readily assume the erect posture, but thii aiwve, I came upon so curious and unex- 

Oorilia is far better fitted by ils organizatiou peeled an anticipation, by some two cenlu- 

for that attitude [ban atelhoGibttons : if Ibu ries and a liulf, of one of Ibe most startling 

laryngeal pouches of the Gibbons, as is very parts of M. Du Chaillu's narrative, that I 

likely, are important in giving volume to r cannot refrain from drawing attention to it 

voice which can be heard for half a league, in a note, althoufii I must confess that the 

the Gorilla, which has similar sacs, mori. Buhjeel is not strictly relevaat lo ihe matter 

largely developed, and whose hulk is five- in hand. 

fold Ihat of a Gibbon, may well bo audible In the tifib chapter of the Grsl book of the 

for twice that distance. " DcBeiiptio," concerning tbo norihern 

If the Orang fights with ils hands, the part of the kingdom of Congo and its bound- 
Gibbons and Chimpanzees wilh their Icclb, aries, is mentioned a people whose king is 
the Gorilla may, probably enough, do either called " Manlloango," ana who live under the 
Of l)o1h ; nor is there anything to be said equator, and as far uestward as Cape Lo- 
Bgainsl either Chimpanzee or Gorilla build- pej;. Thisappcars lo be the eouutrynowln. 
ing a nest, when it is proved that the Orang habited by tlio Ogobai and Bakalai accord- 
Utan habitually performs that feat. ing lo M Du Cbaillu. " Beyond these dwell 

Wilh all this evidence, now ten to fitleet another people called ' Anziques,' of incredi- 

years old, before the world, it is not n lilttu blc ferocity, for Ihcy eat one another, spar- 



aarprislng that the assertions of a recent ing neilbtir friends nor reUilions." 

traveller, who, so far as Ihe Gorilla is con- These people ore iiiiued wilh small bowa 

rtCmed, really does very little more than re- bound tightly rounri wilh snake-skins, and 

— - - ' ■ - n amhorily, the statements of iljung wilh a reed or rush. Their crmw* 



short and Blender, but made of hard wood, 
are shot ■willi gieut ropidily. They linvi! 
Iron axes, tbo Imiidlcsdf whicli uic bound 
Willi iniike-skina, andBwords Willi scoLlmrda 
of UiB EHMie miticridl : for dcfeosivu armor 
they employ cIcpliiiiil-liUleB. Tlicy cut llicir 
skins wlitii youug, bo ub to ijroilQce scare. 
" Their liuichors' tliops nru lilled wilh Im- 
msn flciiU luhiead of iliiii of D\eii or glieep. 
Tor Ihey cut ilio entinies whom lliey take in 
balllc. They fulicn, blay, and devour Ihcir 
aittves, also, udIubb Ihcy lliink lliey sbnll gi L 
K good price for llicm : and, moreover, 
soDicLlmes (fir weariness of life or dtslrc for 
glory (lor tliey lUink jt u great thiuir und Ilio 
sigo of a gi'neroiis eoul to despise life), or for 
love of their nilcrs, offer Ihnnselvcs up for 
foo<l 

" There arc indeed many mnaibals, as in 
tlie EoBlem Indies aarl in Brazil nnd eL'c- 
where, Imt none eucIi a'! lliese. eincu thi; oili- 
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Ihk account of Ihu" Anniquw," und 'lie na- 
examplRil butflier'B r1ii']i rrpicaenlad inFij;. 
a, is a fac-8imi!c c,f pHit r.f llieir Plate SII. 
II. 1)u Clmillu'a m.'UxmC nf the Fansae- 
cnrds nutct siugiilHrly with what Lupej! 
here DUrraLes of llie Atizii[ueii. IId speaks of 
their small crnanliowB nuil iiltie aniiwH, of 
their axes and knives, " ingeniously tLea I lied 
fn Bnnke-skinB. " " Tliij (iittoo IhemBulves 
mare tliaD any other irilies 1 have met y/ilit 
north of llie iijuiilnr." And all tbc world 
koows what M. Du CliHilMi says of Uicir 
canDiliallr>m : " Piesenlly we pasiied awnm- 
an who solved all doubt, tihe bore with 
her a piccu of the 11ii;;liof a human liody. 
Just as we sbould gu to market and carry 
thence a roast or Bleak." M. I)ii Chaillii b 
arliat cannot guuecnlly tie accuaetl of any want 
of courage in emlitidyiDg Uic atalements of 
hJB author, and it is lu be regretted lUat, wilb 
BO good nu excuse, he hn^ not furnished 
with a tilling companion to llie sketch of 
brothers De B^v. 



ON THE RSL*ia0K8 



n 









n ETC". 



(lay llnd >i)glll. Yul. im i fflnpsring Ihe lilRheeE lypa 
lit EiiropeaDH wUli Llia Mi.in'uiiiia wlin live Bt iho 
CupH <.r tiood Ilnni. tLer will. » lili dimcally. cob- 

ttirif woulil compare i liiElily rolli>tird mid culiiin^ 
Court L*ij. tritu iMviwu thtown Dpoii liln Dinm- 

iKlong to Llia auna tjiiKuif.- Ubbhiu, Airucailutu 

Academiea '■ AiittToi.omoy)ihu." 

The quest ton of i|UeBllnnB fur mankind — Ilia 
problem wliiuli undeitles all othcrB,BDd is more 
deeply inleresling Ihan any ollier^is the as- 
oer^inmeut of the place wIlIcIi Alan occupies 

of things 



and of biB relations to Uiu u 

WTieDCCOurruceLascome: what 

are tbe limits of our power over nature, and 

of nature's power over ua ; lo what goal we 

___ (]|g pfoi,|,.„,p which iireaent 

anew ami with undimlnislied in- 

aman born iutu Ihe world. 
rinklDg from llie difBculllea 
a wliicb liuEct The itceker after 
swoiB lo these riildies, are ato, 
igniiie them allugelhar, or to 
' vcstlgaling t-piiit under Ihc 
' !3pecluble Ira- 

Itli that constructive 



teuding 

tetest to e 
Most of U! 
and dangei 
arigiual an 



featiier-Iwd of resiwtied and 
dition. But, in every age. 
less spirits, blessed — "'■ 
leuiufl, which can onl^ liuilil on a secure 
foundation, or cur ed with the mere spirit of 
Bceplicism, are unaliie Ui follow in the well- 
wom HU'I cuinfoitable track of their forefa- 
thers and etinirmiiorariee. and, unmindful of 
thorns anil slumbliog-blocks. strike out into 

fialhs i>t llicir owo. The sceptics end in Ibe 
□flilelily which asBcrta the problem to be in- 
Boluhle, or in the atheism which denies the 
only eat their en cm lee, hut lliesc their eiisteneo of any orderly progresH and goT- 
_ D blood relations." ernnnite of Ihings : the men of genius pro~ 

Tbe cfirefu! illuslraiors of Pi^nfdta havu i,«und solutiona which grow into aystems of 
dona their best to enuhle thv reader to realize ibcokgy or of philosophy, or veiled in mo- 



■leal iBDgiiai^ whirli tupiieBls more tbnn It 
iwaerli, tuku Ilic slinpc rti tlio poelry of sa 
epneii. 

Eiicli Rueh aiiswiT ,■> the pmit quttlion. 
Invariably asscrltd iiy \'.'i> U Mowcts of lis 
propomiiiw, if not liy_ hl:;ii«lf, to Un com- 
^etu nail flual, icrauins io Uigh aullioiJT^ 
and esteem, it may liu fur onu (-mliiij'. cr it 
inny be for twc-niy ; Inn, us iiwniiuiiiy, limu 
prorca uiich Tcply tj liuvo bttii oraireop- 
pTiisimiilion lo tliQ Imili— ItleiaHo cliiefly 
on iiccnunt of Ibo isno'iinci: ut lliia; by 
vkom it wiis ncctptciT, anil ntiully iulokr^ 
ble wbeu leBii-d by Ibo lur{,'LT knov.ltdgo df 
tli<nrsucct$Kors. 

In a welt-11 
jrairn bclweec 
inorpbuttiJj <if Ibu culL-riiillur ii:l • Um butlLr- 
fly ; but the compariaoD amy liu niorc jui^t as 
well as mure nnvel, if for itt ftiiiiit'i Icim w(! 
Ukclbc m(.-nlul pragiussuf tli>: iiicc. Eis- 
lory Biiows iliat ihe liumaa mind, fed by 
Tonstant acfcssionB of kiiiiwli'dgc, period- 
ically gruivs luu Jiirgii lor iis lliciirulical 
coverings, and bursts tbcia tisuadcr lu ap- 
pear iu new hnl'ilimcols, as tbc fL'ciliu^ and 
(rowiDK grub, ut intErvali*, taelH its tuu nar- 
row skin anil nasumes Hnolbcr, ilEilf but 
tempurary. Truly IIid imugo slate of Man 
MBms to be terribly distant, but every moult 
b a step gained, and of such tlieru liavo Utu 

SinCD llic revival of learniog, 'n-bertby llic 
Western races of Europe wtru ennbled to tn- 
t«r upon Uint progress towurd liue knnwl- 
edgo which ivas commenced liy the pIiIIlbo- 
phers of tlreeoc, but was iiimost nrrtBled in 
HubBcqncut long ages of intelkclual ttiigua- 
llon, or, at must, gymtion, llio humiin liiiva 
has lieen feediog viyorously, and nioiiliing 
In propiirlion. A skin of cirmc diiiici^Giijn 
was cast in tlio sixleenlh conliiry. uri! nil- 
Other toward' tho end of Ibi: i"frliloin'b, 
whil% witlilu the Inst flfiy ji'h;s, ilif cxh.- ■ 
ordinary growth oC every ilii'iiiimeiii ci' 
physical ecience lias spread iimung its ni<n- 
tal foml of so Dulritious and blimulaliug a 
character lliut a new ecdysia Gi'vniA immi- 
nent, BntlLis is A process not uii usual 1y au- 
compiinled liy many llir'iea and some sicli- 
ness and dcliillly. or, it may be, liy graver 
disturltancCB : "o tbat every good citizen 
must feel liuund to facililntu iliu proects, and 
even It lie huvu notiiing but a ecaljiul to worli 
withal, tn ease tlic cineking iuitgumL-ut to 
thu best of his nbilHy. 

In Ibis duty lies myrxpii<ie fnrllie jinTiliea- 
tionot lliose ei!p«vu Fi"' it will lie mimiUod 



lea^l Ihoughirulrf men Is cinscinusof acer 
Uin ^'hoek, duo. [lethups, not ki> iinich to dia- 
fMfl III Ibe ni-pecl or what looks like an in- 
sulting caticaluie. as lo ILc BWukeuing of a 
sudden and proloiind mi»iiut>l r>r tinie-hnn- 
Oied Ibeurii'B and Elroe^ly-rooied prtjudiceB 
regarding hia own position in nuluii', and 
liis icliiliuna to the under-world of life; 
while IhntVhich lemainB a dim sm^pieinn for 
liiiiikiog. hcrcmcB a vnsi iiri;itnK'nl. 
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The facts lowhiih ■ .-uu... ttr-t . -cct tie 
readei's nlttniloi!, ihcuth ignii-cii by many 
of llic profissert inHiuciom of the public 
mind. aiC caty c.f dimnnslinlinn and nic iini- 
fersallv airrieil to by men of FriiDt'"' ; while 
their signlliciini'e Ih mi gxat that wlio^o has 
duly pondtipd (ver Hum will. I tl.iiik, find 
lillle lofctaille him in llie ollter levtlmirDSof 
biolcgy. I rtrcr tfl tJinie fuels wliirh, have 
been mado km.wn by tlie liludy el' devclop- 

llisaimlh of -vffy wide, if nr.t of uuiver- 
ral, ii| iliuiiii n. iLlI eiuy livirg cuatuie 
cinimiocisitf esii-kWL- ucritra foim diflcr- 
i]:t licni am) Mmplir lliiin iLut wLlcb it 



:''mplei thing lira 



Ihe 

1 the 



Mi !■ i . :. I ,li:.i iBmoieeimplex 
il:i [, - . il I j'li.ii il!,v Uian Ihe cnlet pillar ; 
kiL.I t,.> Il ul il.iri: l.iiugF, iu piiE»-lii(C ticm its 
iudiii;iiii:iij to its peificl erndilitn, lUns 
thiiu^li a Eirit'B of chi;'ii|;LS. ilie isum of 
'nblih Ik rallcil its deviUfni'til. In the 
l.i(.di('r biiai als Ihei-e du;ni^is me isiliimi'ly 
ciiiipli(aliil '---■' ' ■ 
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Tlie dcg. like all animals, Eavc the very 
loi^esl (and luilher inquiries may nut ini- 
pri.bablj iiniove Ihe api'areiil cxceplion), 
"'" slBiinecaaanciai • '""•''^ 



-..uiiNCE A3 TO MAN'S PLACE IN NATURE. 



"H 



I iDsigniScnnt parliclt; nF living intiitet 
ii>i;3 Kiiimiiiu:! by a new ADil iiii-sleriauE 
'i:y. Tlid i;i'niiliinl veside an-l speS 
■ ( ' ii ■ li-' ■ liililB Ubeir predso ti.ld 
;,■! imanlved pnibiems;- 
I ; yelk lnwuinisidrfiitn- 
iiiuisililc kDifa 



I II. II 



cf ilic niummal 



Lisph« 



■s(Fi-. 1-j. n, 



cnlled tti 
lEuily. Ii 
termed tl 



! ilulin 



..|,I,L., 



Ciilk- 1 



" geriaiaal vau'rlt" («). In thin, cesa. Iiiis iiluiiii 

3 A mort) ftiliil rniiiiiled lii^tly, llial iit wliicli : 

'," germinal mult" {h). opernlioin in : 

, nr ■■ Ovnm," is iiriL-iniiHy fiirmed riiuijli piii-Hr- n 

,'liiQd, flora wiiii'li, 111 (lueatuson, it up inl.) v,-. 

of ilieiiviiii:. 




■ '■tlh" 



lliiw Un 



It becomes detaohea, nnd ptiasea ini' 
log cbaniber filled fir iln prolci^i 
maiDtcimiici; during the protrnctuil pretu* 
of gealatlou. Here, when auiijacleU iii " 
raquirod coudil'--- "■-— ' 



cd, acijiiires im orderly n ^ . . 

ciMniD'T convened iuto it iviiluw spUeroW 

wiib lionhip wHlts. TliF>ii, niinii odp rHb oC 

Bplicrniil iipiif^iro ii lliii'k''"iii'.', iinil liy 



A) 



wftUy liecdiiiiis liie I.lII : lUe sid« wiilli i.f Ibe 
bodjr are fiisliinneil mil nf llie ddivnwnirt 
oontiniiallnn of llie wiills if tlie prnove ; und 
from tbem, Iiy nnil by, Rrow out lillle biida 
'vrbicli, l>y ifi'^ri^i's, nsaitme llie sbflpe of 
limbs. Wnlcbx;; lli« fusil iimiiiL' pincesa 
stage hysluse, one is forcibly rtmindeil of 
tbo 111(11 li'lIiT in ciiiy. Every jmrt. CTcry 
or^^in. 1:1 nt firsl, iih it weru, pinrlied irp 
riiili'ly. mid skclcbud mil in Ltis rouirli ; tbeo 
slinped more iirt-uralely, aoJ only. ix\ liist. re- 
ibc touclit:a nbicii biunip iu final 



Uie yelli, "-biili bnvc i 
jrel been applied to Ihenotriticin uml ■^ni\ 
of ILuyouug nnimal. are ronl;iir<^i( m u 
iiliMcbed to llie ruiliraciitary iiili'^iuic. n 
lerrned tlie yelk sue, or " vmhihfal zeniele, " 
Two incinbrHiioua bagj. inteiided lo euluervc 
ri-sppcli rely tlie prolcciiim und nuliiUOQ' of 
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■be young ctealfre, lisve been developed 
rroin Lhe t^km ami frnru tlie under nod liiod- 
ur MirfHPe of 1 lie body : Iho firmer, lhe bo- 
Ckiled •'amnion," is ii siio filled wilh fluid, 
whicli iDVests Ilid wlioli: body of ilm embryo. 
and pkya Uie jmrt of a sorl of waler-bed for 
it; InB oilier, lermeii llie " altanloiii," ^rowa 
out, lottdi-d Willi 111 1 101 1- vessels, from ILu ven- 
Iralroeion, nndeveuiuully HpplpnK ilself li> 
IIiuwiiIIh of (lie ciivily, in wliicli Ilm dcTclop- 
jDg argHnism is oonluioed. enalilCK tlicsc vi^b- 
kU to 'jccome Llle cliannel by wliicli lhe 
stream of nulrinitiul, leqiiirod lo Mipply lliu 
wants of the oils pring, is furniiibeil lo it by 
thi; pnrenl. 

TliH Blruclure which is develop»?d by Uie 
Interlaeement of iLe vessels of the offspring 
with those of lhe parent and by meaas of 







,nlth BTlBclirfendHof ihej 






sttd in the ■ 



h* 



which lhe former Is ennbled to receive noiir- 
isbnient and to gut rid of effele mtiiters. is 
li-rmed tho " Plncentit." 

It wotitd l>e Icdioiis, and it is iinneccssury 
for my present purpose, lo Irace lhe process 
of di^velopmcnt fiirlber : stifDce it to aey 
thai, by a long aod gmdusl »ieriesof chnRgea. 
the rudiment here depicli'd nnd desciihed 
becomes a puppy, is born, iind then, by slijl 
Hlower and less perceptible steps, passes into 
thti adi:!t dog. 



There is not much appurenl regcmblance 
between a barn-door fowl nnd the dog who 
protects the farm-jaid. Ncverlbcless Ibc 
student of development finds, not only that 
the chick commences its exlElencc as nn egg. 
primarily ideuiicai, in all essentlid respcf'ts, 
with that of the dog. but that the jelkof this 
egg undergoes division— that the primilivc 
groove arlscR, and thai the conligiious pails 
of tho germ are fashioned, by preciselj^ simi- 
lar mclboda, into n young chick, nliich, at 
one stage of its exigence, is so like the nas- 
cent dog (hst ordinary iaspcclion would 
hardly oistinguiali iho two. 

The history of lhe development of any 
other vertebralc animal, lizard, enske. frog, 
or fish, tells ihu same story. There is always, 
to begin with, nn rgg having Ibe same essen- 
tial structuro as that of the dog— the yelk 
of that egg always undergoes division, or 
" tfgmeiilalion" as it is often called ; the ulti- 
mate products of that fcgntentallon conali- 
tute the building nialpriala for Iho body of 
the young iiiiinial ; and Ihis is built up round 
a pTlmitivc groove, in the llcor of which n 
notochord isdeveloped. Furthennore. tlieic 
Is a period in frhioh the young of all Ihceo 
animals reaemble one another, not merely in 
outward foini, but in uU east ntials of sitiic- 
ture, BO cloEely that Uiu diffetvncra belwecu 
them arc iuconaldei able, while in their subse- 
quent CDUTtc Ihiy diverge moiu end moic 
widely from cnc iinoiher. And it is a gen- 
eral law ihnl, 1b(r mcie c1(<M'ly any animals 
resemble rne auulLer in jidult Btiucture, lhe 
longer and Ibe moie inlimatcly do thtir fm- 
hryos resemble one anolher ; to that, for ex- 
ample, the inibiyos of a Eoekcand of a liz- 
ard lemuin like cne nnother longer than ilo 
those of a fnske and of a bird ; and lhe i m- 
bryo of n dog nnd of a rat rimuln bke i no 
another for a far Irngcr period than do iliciie 
of n dog and a bird ; or of a dog nnd an op- 
poEsum : or cien ihnn ihoec of a dcg nnd a 

Thus the tludy of divtlorment nffords a 
ct*ar test of ciotene^s of tiniclural nfliniiy, 
and one tuma with inipalience to inquiie 
what lesulis nre yielded by the Mudy of (he 
development of man. Isbefomelhiiigapart 7 
Does he oii^innle in a lotidly diffeitnl way 
from dog, bud, ficg, and dsb, Ibua Justify- 
ing ihoee who uFS> 1 1 liim id bave no piece in 
DDiuie nnd no ital slllniiy with lhe lower 
world of Bnimal life? Or does he originnic 
in n ^iinilur pt'im. pit^s through the ttime 
slow 6nd piaaiudly piogicssivemodilicaliouB 
— depend on the wme contrivances fur prii- 
lectiou and niiliiiion, and finally enter thtv 
world by the help df the sunie mechanism 1 
The reply is not (ioublful for a mumetif, and 
has not been doubtful any lime Ihecc thirty 
years. 'Wilhont question, fhe mode of origin 
and the curly stages of lhe drvelopmrni of 
man are identical wilh llinse of the animals 
immBdinlely Iielow him in lhe scale; with- 
out n dnubl. in these respects, he is far 
nearer lhe iipes than the apes iin; to thp dog. 

The liuman ovum is about , j, of an w.cm 
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IJiut 1 need 
.._ „ ..[; illuslralivi:(J4 A) of 
It lenvts ilic iirsaii III which 
it is funneil in a similar fuflliiiin Huir entem 
UicnrgnDic cbamtwr |irp[>Bruil fur iu recep- 
tion in llie Bume wiiy. Ilic i.'ouJilidns of lU 
deTelopini.'nt litinp; in till restwcN iliu mune. 
It has ni)[ yet liei'n p'issililo mini only by 
some rare cliunre ran it i-ver In.' piwsiitfe) to 
8tui]y ttie linmitu nviim in »o fft'lyii davelop- 
menul atoge as lliat itt }-vtk iliviMiin, liut 
there is every reasan lo cuiiclii.le tlint Ihe 
changes itiinOergoca aru idunliCMl willi iliiise 
exbiuitcd liy lb: ova nf oLIkt veilelirated 
animnla ; for Ibe Foimnlivn mniiiriiiid of 
irhicli the Tuillmentury liiimnn liody la cnm- 
posed, in ilie earlief I cnniiiiii'us in wtiich it 
has tieen nliservcd, are tlie sum'', us tlntse of 
Other Hnimnt?. Some of lliesu eiirijesl xt'.igcs 
nre dRLired beiow, and, iv> will ha ai'en. Ilirr 
arc alriclly comparable trt the very early 
atatea oE tlio liog ; the marvellmis cnrre- 
spoodr'ncc belwi^en llie two wliicli U kept 
Hp. evuu for Eome time, an di'velopinent ad- 
vances, becoming npptucnt liy tbe simple 
comparison of the tlgurea w ill orbers pro- 
Tlousty abown. 

Indi-L'd. it In very Inng Iwfnre the body of 
the youni: Eiiimau bcins can bo readily dis- 
niimioai^d fioni ibal of ibe yoiins puppy j 
Unl, at a loli-rably imrly period, iJie two be- 
come dutingulabable by llie dilT^'mit fonnof 
their adjuncts, the yclfe sue and the uilantois. 
The former, in llje dog, tiecunifs long and 

Bpindle-sbaped, whilu ' " - ----- 

spherical ; the Inllur, iu mu uog, niiiiiiiie lui 
extremely^ large size, and llie vatciilnr pro- 
ceases which are dtvi'loped rnmi iLiiud event- 
ually ^ve rise to Ibe formaiioii of the pla- 
centa (taking root, as it were, io Ihe parental 
organism, so as tudraw uourisbment there- 
from, as the root of a lri;(^ r-xliai-u it Tiom 
the soil) are arrangeij in no <'iic,iL-liii<; zone,, 
while in mfin tlie alliintrjis i em .'inn i:.>oipuia- 
tively small, and ils viisi.uiar rii.iilt:ta aru 
eventually lestriclud 1o r>ui: dijUlikii f|>>it. 
Henee. while Ibe placuuiaof ilicMl>jg is like a 
{{irdle, that of man tins Ibo caite-like fuim 
mdiculed by the name oF Ibe organ. 

But exactly in iliosc respects in which tbe 
developing mun diifers from Die dug. be re- 
sembles Ibe ape. which, llko man, iia^i a 
spheroidal yelk-sac and a discoidal — some- 
liDicj partially lobed piaeenta. 

Bo thai it ia only qiiile in Ibc later slagi'9 
of development tlial Ihu young bnniim iieiitg 
presents marked diSereuuus ironi ili>] yuung 
ape, while the latter, departs as mui'h fioni 
the dog in its dcvelnpment as ilm man does. 

Btartlin]^ as llie last axst-Tliim may appear 
to 1)6, ll ia demon stralily true, ami IL alone 
appears to ma siifHcient to pla 
doubt tbe struct urn I unity of 
leetof the animal world, and 
early and closely wiili tliu apts. 

Thus, identical in liie iiliysical processes 
by which he origiimles^aenliCBl in tbe early 
stages ot bis formation — luenticat in lJi<! 




\n<\i! !,f bis nutrition liefore and after birth, 
ilhlliHanimiils wlildi lie immediately iiolow 
liimin Ibiiscale^m'in. if his adiill and perfect 
alruclurL- be mm[Miied wUh IheirB. exhibits, 
as miglit lie cKpecieJ. a mHrvellrms likeness 
uf oivaiiixaliriu. He resemitles Uieiii as Ibey 
resmilhle one another — he differs from them 
OB Ibey drlfiT fiomonuanutber. And. tlioiigh 
these differences and resemlilanccH cusuol be 
weikched and measuied. Ilieir value innv lie 
remhly estimated 1 tlie Miale oi slaudaiil oE 
Judgmt-ut. touubiu^ that vulne. being afl'jrd- 
ed and expresscil by Ihe system of cTawsiflca 
tion of auitnalij now current amuug Koolo 
gists. 

A cartful »liidy nf the resemblances and 
differences prwenied by animals lias, iu fact, 
lednaimuliBis to arrange lliem into groups or 
assemblaiiies, all the members nf eni:ii group 
presenting a Certain amount ot delinable re- 
semblance, imd Ibe number of poinls of simi- 
larity iieing smaller im the group is larger 
and tiirS wi-mt Thus all creatures wlifcJi 
agree only in presenting llio few flisUnclive 
marksofaniinalily form Ibe" Kingdom" An- 
Imalia. The niinieroua animals which agree 
only in possessing lii'.' special cbaiaclers of 
vertebrates form one " snb-kingdnm" uf this 





kingrliim, Tiii'n tlie siili VinfcMain vpridimln 
1sBiiliiH'ii|p;l inlit lliii live '■ cliisaas," tl,sMi'«, 
amphihlim-', ri'plili's, UiniB, iinj itinmiiiala, 
iinii iii'-i' iHtij Bmiiller gninps aillcl - or- 
(ii?rs :""tliiso into '' fiimllica"ttnil"" gi'ntra ;" 
ivliilr' [111' i^i.-i nre flimlly limken up Inio ilic 
Bm;illi'sl;i-..s-_'uiblnge», Tvliiclinreilistiniiiuisbed 
li/ Die po&»;s9ion of consliitit, nc,l-si:xii!i!, 
cnanicmi's. These uliimuie giuups are tipc- 



II iiUcfiiln, or mliui iiru rnllfidtlie'" iilBCtuIni 
m«iiininlsi." 

Fiivtlitp, lliu most BUprrfipiiil sliidy wnuld 
at once cnn'.inif ii« Ihul iiircmg ihi' mileiB 
uri-UinnlMl rnimintils, niiilur Hit Wh:,leB 

■ • rulul ,Jlrlll.H>, IT.. III! Si..'|.. ,.UA 



I nn 



II nil 



Every ypiir tends lo bring Hbont ft grt'aier 


liiM.il-, 


r rl„. Ii,-,M,^ ,. :J,I . :m<i 


nDifurinily of opiniim tiirmiirlimH llic zou- 






lojjical world ii-i U. lUf limin ■.nui rh:i,m'',ris 
01 InCfiB group-'*, L^ii'iil ii ir 1 -i[!;i 1 1 . At pj (.'x'L'fjl , 






Tk>-i,- « 


mUl Kihiuri, ihni.'biit mie ordtr 






i-Nii. 111..! Ill II..- .\|i..s (iiMiij; lliat 


Ing thO olluiiiC'L,-rs (if Uii.-i'.i-Msin^,iutn;iliii. 




l.|v„,i,^' M.„.-,.|, ,11, rl il„. mits- 


•ves. or rtipliliii ; Li.ir ilut-H Uii.- ijii' Mi jii anxe 


li.ii. for , 


M-i,-H-n, VV..IIM ii,iii.,w ilstlf to 


-nlietUer uuy iliorunijUly wiU.kixnvn mhml 


lliifi-is M 




ahuuLl lie pliiccd in tiiiu (.-hies nr Tbcoiliui. 


Ane* Ili»i 


.■imiMl.,ir,ii.iH,n!cil.;iiimsr-lft 


Again Uitre ia a very gt'ouiul pgrtfiutnt rc- 


Of Joiu lit 


lilll.T k-s iu,m il,|.m IhiiD Hicy 


amiuling llie cliiiT-nciTs mil Ijri.m iil' lli^M.t- 


ililTiT fii.i 


iiiiL' .liiiilliiT, iiiiil heme muBt 


i.iL- m:- p! 


cu in lh(! same nriltr wilh llifm t 


■which'ui^^'i''!!!''' ■ '■"': ."." . '■■ .'.'i "''■'■ ^ 




>pil)- free from all ixa] ot imngln- 


plllM in 51,. .! ,.■..: 




1 raltrL'Bt 111 llic rcMills of Iho In- 


No ona (1 11.1.1 ;.■',.,!■■■ ■: 




ift Hfool, we sliriilil prnrrrd to 


ftnd ihL' Ani ' ■ . 1 :.-..„ .1 i: . 






Opnssnm. il.r i ■ ;. 






pir nml U\r. i' 




■.;.■■..■ ' ■ ■ iini. 



sivi) pairs (if ill; ■::i i' i-. n . -i I - i,,. .] . ...i",.,- 

tt'N OK llie propcii'tions nncl structiira iif ilif ir 
limbs; llie miiuiieruf liiclr dorsal and lum- 
ber vi.-1'ietiiK: ; llie tidapditioii of ihi:ir (nimi's 



turs of tticir skulls and of Mic coutuiiied 
br^D. But, with all tbetc diffcroocts, tliey 
aru so cliiscly conopcted ii: all llic: iiinrc im 
porl.mlnnd fiiiidiimeiiliil .■Iiiiihimi^ uC thcii- 



Hit 



lilllL 
llifiii ^ 

And If iiuy , 

wore fouud ii> | ■ ■;. r difference 

from llieKii:iUii ■. ■■ ■ ■ --iini, turtx. 

arapli;, lliuii m,. ■. ..i, ,,.,;-- iii. iioin iine an- 
olUer. lliu/Liolof^i-i. «i'iili| imi only be lojjiu- 
alljr couipelli'd lu muk ii iu llic )<ame otilcr 
wilb tliesc, but liu would not think ot doing 
oUwrwiBe. 

litoiiiig Ihis (ilivious conrfi' of zonlrsicn) 



inul diileit'd fiom Iho ApiB; and it wo 
fonud ibat ttieEO \rnre of Ivm sductur^ 
value than IIiobb which dislinguisb ceiinln 
memliefs of the Apu oidcr from olliets uni- 
versjiUy ridmiiicd lo bo of ibe Bume order, 
we Eboiild undoubifdly pinion llie newly dis- 
covcud lelliitiaii genua willi IhiMn. 

I now prrccni lo dtlail Hie facts which 
FCtm to me lo Itave ua no cboicE but to 
adop' lliu lasl-menlluiitd course. 

It is qnilc ecrlaiu Mm! Ibc Ape wbiph most 
ueiirly Lipprniitbta mtiu. in llic loiuliiy of 
ils oipanizallcm, is etllier tbe CliimpaiiaeB 
tir Ibc CoJillu ; and as it makes uo piiiflical 
difltTcnte, for ihc piirposeH of ray proaent 
aigament, which is mIu'ImI Uit ruiiniarison, 
on lIu' one hand, wii), ?rn 1.1.1 ni tiie 
filhcr band, with tl.i. ,■ ■ I' :■-.■<■?, 

Ishnll Hctcutlhol ' ' . ■.■j-.nd- 

wilion is known) — us ■ ^ ■ i . ■ n-le- 



inliultit till' laiUi. unii (.mpluytd in dlGCUGS- 
ing Iho irluliena ibcy litar lo a new nnd 
(iujiiiliir "erect nml fcalbfrlwa biped." 
whiLh EPine (Qieiprising iinveller, overcom- 
ing ilu' difliRnltlea irf epnte ami giavitation. 
Una bruught ficm llini disiiini phiiict for our 
ins|«'fl;on, well pifFdvtd. may be, in a 
catk of rum. We sbouUI all, ill cnce, ajjrcc 
upon placing him among Ibe mauimuiiaii 
TerlcbiBiea ; and bis lower jnw, his molnip, 
nnd his lirajn, would Irate no room for 
doubting Ihe sysltmulic poBiiiou of Uio 



(jieitluii: as iJio tpilue til 111} di^pu^ul will 
allow mo lo discuss, and the nccesbitica ot 
'Ji<i aTgument demand; and I simll iiiijiure 
into tbe value and ma^iludc of lliust liilTvr- 
enoee, when placed eido by side wiih ibosc 
wbinliBeijiiraie ilio (Jntilla from other unl- 
miila of ibu siim'j order. 

In (he general prripfidionsof Ih'! biidy nml 
limbs ibttru 1a a remarkable dilfi.ieitce lie- 
twoen the Gorilla nad Man, wbicU nt iincu 
strikes tbe eye. Tbe Qorillit'a bmia-ciise is 
Emaller, its trunk larger, its lower limb* 
shorter Its uppiir limbs longer iu propotliun 



tban loose ot Mnn 

I Sad tliat tbe Tertnlirat columa uf n f iiU- 
grawQ Goritlii, in tlic Aluseum of llic Hoyal 
College of Surgeons, measures 37 inchea 
along its anterlDr curralure, from the upper 
edge ot the alias, or first vei-tchra of the 
neck, to the lower exticraity ot the Bacnim ; 
that the arm, wILhnut tlio hnnd. is 3li 
im:lics long ; tliat the leg. without (he foot, 
teSSiiiichiislong: ihnt the tjuticlis91 inches 
long : tlic foot 11^ iuciiea Inog. 

In other words, tulcinj; the leD;;lli of the 
Spinal column na 100, the arm equals 115, 
the leg OU, the hand il(j, aud (he fool 41. 

In tha skcleloQ of a male Boajcamaa, in 
the same cuUcctioa, the proporiinns, by the 
same measuremeut. to (he spiual column, 
taken as 100, are— the arm TP, iho Ipg IIO, 
the hand 2G. and the foot 32. la ii woman 
of the same race the arm is a:t, and Ihc It^g 
ISO, Ihe hand uod foot rcmaioiog the same. 
In a European skeleton I And the arm to be 
80, the leg 117, the lund 20, the fool Sa. 

Tims the leg la not so different as it looka 
at first sight, in ita proportions to thu bjtine 
in tUe Q-orllla and in the Hon — being very 
aligtitly ahoiter than the Bpino in the former, 
lUid bet'T-ecn Vk aad i longer than the spine 
in tho luller. Tho foot is longer and tlic 
■land Riiicb longer in the Gorilla ; but the 
(;ceftt (hffan'uce is caused by the arma. 
■vliich are very much longer than (lie spine 
-Ji the Uoiilla, very innch shorler than the 
ipine in the miio. 

Tlie question imw arises, bow are the other 
A.pcB related lo ihu Gorilla iu these respects 
— taking the lunglh of the spine, measured 
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in adult I 

panxeQ the arm is only 96, the leg DO, the 

hand 43. the foot 39— so that the hand and 

e from the human pri»- 

I less, while tho foot is 

II the Gorilla. 
In the Oniu^. tlin arms are very much 

longer than in the Ooritlu (I3£). while the 
logs are sliorter (>iH) ; the foot is longer iluin 
tiie hand (ii2 and 4S). and bolh aie much 
longer in proportion to the spine. 

In the other man-like Apes, again, the Gib- 
bons, tbe-io pruponinns are blill further 
tiered, the l™.4;Lh of the nrms being lo that 
)tf the spinal eoluouL aa lU lo U, while Ihe 

' ^ also a third longer than the spinal 

n, ao aa to bo longer than in Man, 
instead of shorter. The hand is half as 
long as the spinal column, and the foot, 
ahorler than Iho bund, is alxrut -g^ of tba 
length of the spm;il column. 

Thus //[y.W.ifM is us mueh longer in the 
arms lii^m tha Gorilla as the Gorilla ia 
longer in iliu arini Ihan Man ; while, ou Ihe 
Other hanil. it is a? much longer in Ibe legs 
Iban Ibc- -Vlao :wi ih? Munis longer in Ihe 
le^ Ihaa lh:t G[:ri)la. so that it contains with- 
in itaelf Ihe cx^remesE deviations from liui 
average tcoitli ot both pairaof liintia(sa; Ihe 
Frontisoiei:*.:!. 

The Mandrill proseuts a miildiu cnndilion, 
tha arms ani leg-t being nearly ciitial ia 
I, a&d iMlh bzinj shorter tiian Ihe api- 



ual columa ; while himi and foot hav4 
nearly the same prop-mioos 
Liud to Um spine, as lo Man. 

In the Spid'jr monliey (AkleH) the leg fa 
longer than ihe spine, and the arm Iban Iha 
leg ; and, finally, in that remarkable Lcmu- 
riuc form, ilia Indri (iw/iaswliw), the leg is 
about as long as the spinal column, while 
the arm ia not more than 1 J of iis length, 
UlB hand having rather less and Ihe foot 
rather more iban ore third the length of 
the spinal column. 

These examples might be greatly multi- 
plied, but they suBSee to show that, in what- 
ever proporti')n of its limbs Ibe Gorilla 
differs from Slan, the Other Apes depart still 
more widely from the Gorilla, and that, con-- 
Bequenlly, eu<;!i differences of pruportioa. 
can have no ordinal value. ' 

We may next consider Ibe diffen-i 
preseatPil by ilie Irimk, consistini! of 
vertebral column, or backbone, and the 
and pelvis, or bony hip-basin, which 
conneclctl with it, in Man nod in the Gorilla' 
respectively. 

In Man. in consequence partly of Ibe dia- 
posltlon of Ihu articular aurfaces of Ihe ver- 
tehrse, and largely of the elastic tension of 
some of (be Bbrous bands, or ligamfnts, 
which connect these veilebne togoiber, the 
spfnal column, ns a whole, baa an elegant 
S-like cnrvalure, being convex forward in 
the neck, concave in llie back, convex in the 
loina, or lumbar region, and concave again 
in the sacral regiou ; an nrrangemeni which 
girea much elasticity lo ihe wlioli.' backl>onc, 
and diminishes the jar commnnicaled to the 
Bplne, and llirough it to the head, by loco- 
motion in (he erect p<isition. 

Funhermore. under ordinary 
stancea, Man lias seven verlcbrie in 1 
which are called ccrtien'. ; twelve 
these, bearing riba and forming Ihe npper 
pait of the back, whence they are termed 
dorml; flvnlieln Uic loins, beaiing no dia- 
tinct, or free, riba, and are called luiidmr ; 
five, united together into a great bone, ex- 
cavated in front, solidly wedgefl in between 
thohlpbnnea, to form the back of the pd- 
via, and known by the name of the mcrum.. 
Bocceed Ihnse ; and (ioiilly. three or four lit- 
tle more or teas movable bones, so emalt as 
to !:« inKignitlennt, conslitiile the eooayx or 
rudimeulikiy tall. 

In the Gorilla the vcrlebnd colnmn is 
Glmiiarly divided Inlu cervical, dorsal. lum- 
bar, aacial. and i^oct'y^eal vcrlEbne, and tha 
total number of cervical and dorsal 
brfe. taken logellicr. is the same as in 
but the development of a pair of riba 
first lumbar vertebta, whichisnnexccplionl 
ocenrrence in Man. lathe rule in the Gorilla; 
and tiencc, m lumbar are diatinguishcd from 
dorsal vertebriB only by the pret«nce or ab- 
sencn of free ribs, thesevcntpen " dorso-l-im- 
bar" vertebrsB of the Gorilla are divided 
into Ibirleen dorsal and four lumbar, while 
fi; Mao they are twelve dorsal and tve ium- 
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Not onl^, bowevcf , docs ]ttan ocraaionolly 
posaeBS ihir'een pair of ribs, but Oie Gorilla 
sometimes bos founecu paire, while an 
OranK-Ul'iit skeleton in the itiiseum of tlio 
Royal College of Surgeons Las twelve dorsal 
Had five lumbar veiitbra). as in JIan. Cii . 
vier notes the same number in ii Eyiobatea 
On lite other hand, umoog the lon'er Apes, 
many possess twelve dorsal and six or seven 
lumbar vertcbrte -, the Duuruucoulihas four- 
teen doraal r.nd "ight liimhar, and a Lemur 
{Sltnopt tardigrani:s) Las Itfteen dorsal and 
nine lurabitr verlubr*. 

TLo vetiuoiul columu of llii; Gorillu, as a 
whoiu, (lifferi- from Ibut of Jlua in llie less 
marked (^Imrnclcr ul' its cuivea, especially in 
IV of the If— !•■■- .-■""" 
, thu 



111.; qui'p obvious in young skeluloas of the 
Qorllla aail Cfiimpanzee which Lave been 

Erepared witboiit removal of iLo lipamenta. 
a young Oronga similarly preserved, on Iho 
other hand, tlie spbal column is eillier 
Biruight, or ftven concave forv/ard, throuKb 
out the liimliar re^on. 

WLellier wo lake these characlsi's llien, 
or such minor ones ita those which are A-iiVr- 
able from llie pcoportionnl length of tbu 
spines in the cervical verlebriB, and Ihe like, 
there isnodoubtwhntaoevcras to ttie marked 
difference between Man and the Gorilla : ^Ot 
there is as little, that cqunlly utarked differ- 
ences, of the very same order, cblain Iw- 
tween tliu Gorilla and lUc lower apes. 

The pi'lvis, or bony girdle of the hips, of 
Man is ii strikingly human part of his oisoni- 
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KBtloD ; tlie cspanded haunch-bonea iilTora- 
iaa siippurC for hts viscera duiiugliia habitu- 
ally eiutt posture, and giving- apaco for tho 
Mtaolimeut of llio great muscles wiiitli en- 
able bini to assume aiid to preserve Ibiit al- 
Utude. in these lespecla the pelvis of the 
(iorilla differs very conaicietuiily from Ilia 
(Fig, 16). lint t'O no lower lliau Ihe Gib- 
bon, nod Boc bow vABtly more hu diSera 
from the Gorillu tliao ibe lutler docs front 
Mau, cv«D ia this sinicturn. Lo(ik Ht tho 
iUU, oarrow haunch* bo aea—liia long and 
rmrroi? passage — tUe coarse, outwardly 
eiirvcd, iachiatic promiaeuces OD wblcU the 
Gibbon liabitually rests, and TOblcb are 
coated by the so-called callosities." uenaa 
patches of skio, wbolly absent in the Ooiills. 
in tbo Chimpanzee, and in Ibc Orang. as in 
Mm I 

In Ihe lower Monitcys and in the Lemurs 
Ibe differcaco. becomes wore etrikinj; Btill, 
llio pelvis acquiring an altogL'lher quadru- 
ped u charactef. 

But now let us turn to a nobler and mora 
eliamcteri Stic organ — that by which ilio hu- 
man frame actims tobu, and indeed is, go 
ttrongiy distinguished from all ollicrs— I 
nean the skull. The dilfercnces between a 
Sorilift's skulL and a Man's are Irnty im- 
mense (Fig. 18). In the former, the face, 
formed largely by the massive jaw-bones, 
predomiuates over the brain-case, or crani- 
um proper : in Ihe latter, the proporlioua of 
lUc two are revetiied. In the Man. llie oc- 
cipital foTiimen, Uirough which passes the 
^'rent nervous cord conn ec ling Ihe brain with 
'.bo nerves of the body, is placed juat behind 
the centre of the base of tlie skull, ^hlch 
i.bus iKcomes evenly balanced in the erect 
uoflure; in the Gorilla it lies in ibe posle- 
nax third of that base. In tiio Man, Ibo Bur- 
'aco of the dcull is comparatively smooth, 
ac'i Ihe snpraciliary ridgoi or hrow promi- 
noiiCBs usually project but li'tle — while, in 
tht Gorilla, vast uresla are developed upon 
the Bkuli, and the brow ridges overiiaug the 
cavernous orbits, like great pcnlhoiisee. 

Sections of the skulls, however, show that 
. some of the apparent defects of the Gorilla's 
cranium arise, in fact, not so much from 
de:!ioJeney of bruin-case »b from excessive de- 
velopment of the ports of the face. The 
cranial cavity is not ill-shaped, and the fore- 
bead ia not truly flattened orvery retreating, 
its reall.v well-formed curve being simply 
disguised by the mans of bone which is built 
up against it (Pig. 16). 

But the roofs of the orbits rise more ob- 
liquely into the cranial cavity, thus dimin- 
ishing the space for the lower part of the 
anterior lol)es of the briLin, and the absolute 
capacity of tbe cranium is far less than that 
of Man. So far as I am aware, no human 
cranium 1)e Inn ginc to an adult man has yet 
been observed with a less cubical capacity 
lltna 63 cubic inches, the smallest cranium 
uliserved in any lace of uieii by Jlorton, 
tarasuiing <!3 cubic inirlies ; while, on tl>e 
I fltlicr haiul. Ihe most capacious Gorilla skull 
yctiawiWiied hasnconii'at of nr>t unre ttiuii 



iHi cubic inches. Let us assume, for sim- 

Elicity's sake, that tbe lowest Man's skull 
as twice the capacity of the highest Gorilla. 
No doubt this is a very striking different 
but it loEUB tnitch of its appnrenl EystcmalT 
value when viewed by llio' ligiit of cerlftl 
(iiljer iciually indubitable facts Tespecl!j| 
nianlid cnpiieilles. 

The tlrsi of these is, Ihat the difference B 
Ihe volume of llie cranial caviiy of differ^ 
races of mankind is far greater, nhsoluteW 
Ihan Ihat between tho lowest HNn «ntl t 
highest Ape, while, rplalively, it is aboW 
Ihe Biime. For the largest human skuU 
men-sured by Mniion contained 114 cubic 
in (be— 111 tit Is to 8!ty, had very nearly 
(loulile llie nipiirity of llie smallest; whiles ^ 
its xtisoliilc nri'iMiiiderHncenf 52cnlilc incli(A| 
i^ fiif griiiHr limn llial tiy which tlie lo*J 

laig.»l uf •W- (iorillus (83— Mi =37^ 
t>L'('ci>iily, I Ik a^lullcinniaof Oorillus nhicUl 
haeu lis \i\ lK'i.>a meawced differ arnini]iB 
Ibtinsrlvt's liy nearly one third, the niiixi^ 
mimi ei>|iaeiiy Ixing 34,S cubic inches, llut^ 
minimum 2i ciiliic iiK:he3 ; and, thirdly, 
afler" making all due allowance for differ 
cncc of size, lliu cranial capacities of somt 
of the tower iipea full neariy as much, rela- 
tively, below those of the higher Apes as liiu 
latter fall below Man. 

TJina. even in the important matter of ci 
nial capaciiy. Men differ ipoie widely froi 
one another than lliey do from iho Ape 
while the Irnvenl Apes diner as niucji, 1 
proportion, from ilie liighest, as the hitler 
does from Man. "flio last proposition is slill 
helter illiislriilL'il by the study of tlie modifi- 
cations which other parts of thecranium un- 
dergo in llie Simian series. 

It is Ihe laige proportional size of Ihe farfM 
bones and llic great projection of Ihe 107— 
which eonfeis npnu the Gorilla's skuli 1 
small facial angle and brutal character. 

Hut if wc consider ihe" proportional size oj 
the fue.ial boucs to Ibe skull proper only, the 
little ahryMthr!xi¥\'^. Hi) differs very wulelja 
from llie Gordla, and in the- same way isr 
Man does ; while theHabcions(t^noiMpA<du« 
Pig. IB) exaimerBlB the gross -proporlioi ' 
the muzzle of the great Anthropoid, so 
ila visage looks mild and human by compar-* 
iflon wiih theirs. Tho difference between ! 
llie Gorilla und tbe Baliociu is even greater 
than it appears at firiil sight : for tho great 
facial mass of Ihe former Fs largely due to a 
downward development of llK! jaws; an 
eBsenlially human cliuracter, superadded 
upon that aluioet purely forward, essootially'.j 
brutal, development of the same parts whicu 1 
characterizes til G Baboon, and yet r — 

mackably uisliaguislies the Liomur. 

Similarly the occipilal foramen of Mj/eites 
(Fig. 18). and slill more of the Lemurs, is 
situated completely in llie posterior face of 
the skull, or us miich farther back than Ihat 
of liie Gorilla as that of the Gorilla Is fur- 
ther back llian lliat of Man ; while, as if to 
render palcnt Ilie futility of tho altemsi. V 



SVIDBNGB AS TO VIA3SCS PLACE IN NATURE. 

(An'.r, Iha craniiini is ns smoolU and rounded 
ns tliitt of Hiia liimit^lf. 

Wlint ia true of iIichc leadint; clmrocterik 
tics of tlio skull lioiils goi}i\, as ma; be 
imnglncd, of nil minor Tcalurea ; bd Iliat for 
every coustool difforenco lielwwa lite QoriU 
la 'a skull unit llio Mau's a nimilar coDBtant 
diflurcnce uf tlie Btiiuc order (tliikt is to say, 
CODsUllnj! in excusa or dL-fcct of the same 
quality) mny be found belweeu tlie llorilla's 
skull and that of Bomi; oilier ape. So that, 
for tlie skull, no less lliun tor llio skelet 



base any broad olasaificalory di 
such a cliaiaeler. the same group of Platy- 
rliine. or American monkeys, lu wliicli tlie 
Mytela belongs, conluins the GhTamthrie, 
whose occipital fDrBm<.'n 19 ujtualed far more 
forward tbao in any_ other a|H', nod nearly 
approiLchea llic pusition it holds in Man. 

Agnin, the Orang's skull is aa devoid of 
escessively developed Bupi»ciiiary jiromi- 
nencea as a man's, Iboiigh same Tiirieties es- 
hiblt great crests elsewhers (seep-SOB) ; imd 
in. some of the Cubine apua and in i!io Ohri/m- 
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EVIDENCE AS TO HAN'S PLACE IN NATURE, 



In cooneclion witQ Die Kkiill. 1 mity spiak 
of tlie teetb — ort^lis wliit^li have u, peculi ir 
clawiliiACorj vulue, iid<1 wlinsc resi'iulhmL>s 
anil difiureiiceH of iiiiml>i.>r. (oim, itni but 
ceflsion, Ukeii its il wliole, me usmiJly re- 
garded as more iruEtworiliy indlcsiuta at 
affinity iL»d Huy nilitra. 

Mau IB proviJud with iwo boIs of teelh — 
milk teelli and pcrmuui-nt Ituili. I'liu 
foimi-r consist of fuiir inciituin, or uuLiing- 
teeili ; two eaainea, iir eye-leetli ; an'l fuur 
mnlurs, or grinik'rs, in eudi jaiv, mnkin^ 
twenij' in nil. Tlio Utfer (Fig. 1~| rnmpriBB 
four incisors, two caiiini:H. four Bniall irrinrl- 
en, called premulara or fuliic mnlnrs. and Bix 
kUXB giindcia, ur true niolara in uacli jaw — 



maWitgliiirly-lwii m all. TJiu innrnal in- 
cisors mcb larger lliun liio exlernul pnir, in 
llie u) iicr jiiw. liniiiller tlinu Ihe nxtvrniit 
pair in Ibt: lowur JiLW. Tlie crowns of ilii: 
upper molars esUibit four cusps, or blunt- 
poiolcil tJsvHliouH, and a ridge ciOKHes lbs 
crown olliqufly. from the iuncr, snterior, 
cuip lo tliu outer, poelerior tufap (Fig. 17 
ni') Tile auteiior lower molars liavu Sve 
cuHps, Uiree txlernnl and two JDternal. Tlia 
premoliirs buvt: iwu cuspe, one lutu-Dsl and 
une (.'sleroal, of nbicb Ibe outer is llie biglier. 
Id iili tlieni respectB Ibe tli'ntilion of the 
Gorilla muv In; descrllKil in llie aa.mc Cernu 
as tbat of Man : butinotbur muiiiTK it es- 
blUls many ami iniporiHnC diSereaces (Fig. 

Tbu9 IliQ l^elli of man (!oas(ltutc a regular 
auilevi'D furies — wilbuul»iiy break and with- 
out BTiy maiked projection of one tooth above 
the level of the rest ; a peciiliurlly which, aa 
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_*W EVinEXLi: Aft TO MANS PLACE IN SATLTlS:! 

Ciivicr )i>ng ago abowed, is Bhitretl I'y . . „ . 

otlter roinnmnl mve one— aa diflerent ii rirn- denlltlon is rety diffitreiii, for llit-y liare 
Hire from mnn aa can well l>e imnicined— more fitlBo molarti, liku ilic ullii;i' Americav 
immely, the long pxliact Anoptulhtrivm. monkeys — but aa !!ia/ '.i^ri 'ijiir ffwer IrUB 
Tl)0 teeihof IlietJnrtlli*. onthiiconlrury, ox- iiinUirH, the lola! re:ns(iiJ :^:-- wiiiii;. And 
hiliit a brenk, or ioterval, termed tte •»'«*■- rusiing from iIib Amerknii upts lo \ba 
mn. in l>o::i liiws: In front of ihe eyc-iooll). Ltmura. the doniitioo bL-i'uini'n slill ttioi* 
or between ii and the outer iocifMir, in the comjjlele'y and csseolially diffc!ii;iit tfoi» 
upper jaw ; hctilnd Ibe cye-TooM). nr he- IbaC uf the Oonllii. Tliu luclson Iwgm (tf 
tween ft and the front fiilse molar in ilm vary both in number and in form. TMi 
lower law. Into this break in tbc aericB, in molara acquire, mire an^t m lie. ii rraaf* 
each Jaw. flts tbecanineof llio oppodile taw. pointed, inseciis-orous diaracter. and in «W 
tbe oiEe of tlie cye-lootli in the Oorllln beiofr Genua, tho Aye-Aye (0/ieiivmi/iii, tUeoanlnM 
ao great that it projects, like a tusk, far In- dirappear, and lliu leL-lIt completely slmulod 
ypnd the general level at the other leelh. Ibose of a Rodent (Fig. IT). 
The roots of the false molar teeth of Ihi- Hunce It ia obvious Hint, greatly as Ih* 
Gorilla, again, are mnre complex llnin in denlilior. of tlio bigboit Apa iWtlatu froE^ 
Man, and ihe nroporllonal size of the mnlurs tbat of Han. it differs fur mire wldel; froi^ 
is different. The Gorilla iiiia the crown i>f that of the lower and lowest Apes 
the hindmost grinder of ilie lower Jaw more 
complex, anJ Hie order of eniplinn ot Ibc Whatever part of the animal fabric— whati 
permanent teeib Is dilliTi-nt, the permniiPMl over SBries of muscles, whatever Tiscera 
canints making tlicir appearance before the raiglit he selected fur comparison — the reaidl 
second and third molars in Man, and ofler would be tbc aame— the lower Apca and tlio 
them in iLe Gorilla. Gorilla would differ more than Hie Gorilla 

Thus, wldle the lectb of the Gorilla r^losely and tbe Man, Icannot ailemplin ibis plaea 
resemble those of Man in numtwr, kind, aod to follow out all those compurianns In detail, 
in tbe geneial pnllern of iheir crowns, they and indeed it ia unnecessary I tiboulil do to. 
eKhiliitmaikiidiiilTerencesrroiiitho.se of Man But certain real, or supposed, structural dla-. 
in secondary respects, aiich on relalire bieo, tinetion^ between man and Iho apes remain, 
number of fangs, and order of appearance, ' upna wliicli so much sirces Lns hern laid 

But if the teeth of Ibe Gorilla be compared that they requlro oureful conajderatiun iU' 
with those of an Ape. an fuiilier removed order thai the true value mar bd assigned ia-' 
from it than a Cyntitephiilut. or Baboon. It those which are real, and ibo emptiness of 
will be found that differoucea ami reaem- those which are fictitious may bo exiiogcd. 
Iilancos of the same ordtr are easily oVerva- I 'efer t') the charactera of lite hand, "' " 
ble : but tbat many of the pmnlB iu which font, nud the brain. 

the Gorilla resembles MonirreihOse in which Man lias been dellned aa tbo only at. 

it differs from the Ilaboon. while vuilousro- poaaeaaed of two bauds Icrminiilinir his fors 
apecls in which it differs from Man are ex- limba. and of In,) feel cndin^LisliindlimbB^ 
aggeiated in Ibe 0)/noeepbnbm, Tbo num- while it luiti been said that all llie upes poa- 
licr and the nature of the teeth remaia tha iC!i.i fiiur luud.-i ; and bo has boen affirmed 
same in the Baboon as in Hie Gorilla aud iu to dllTcr tiin<Jam'jnIally from all the apes In 
Man. But tbe pattern of Ibe Baboon's up- the characters of bia bnln, which alone, tt 
per molars is quiet different fimn that de- lio-s betn slran^^elv' asseited and reasserted, 
scribed above (PIr. IT), the canines are pro- cxbihltj) the Kiruoiures known lo Bautomlst* 
portiouallf longer and more knife-like 1 the as the poslurlor lobe, the posterior — ~ ~* 



jaw ia still larger and more complex than in That liie former proposition should have 

tbe Gorilla. gainad general acccptaupe is not Burprisin); 

Passing from the old-wodd Apes lo those — iadcL-a, at flrst sight, appearances are 

of the new world, we meet with a change of much in its favjr ; but, as for tbo seconri, 

much greater importance than any of Ibeae. one can only admire the surpaasing couraga 

In such a genus as CAus, for example (Fig. of ju euuncjator. soting that it Is an inno'" 

IT), it will be found that wliite in some sec- <''m which Is not only opposed to genera 

ondary points, such as the projetlion of the "ml jusHy aecepted doctrinea, hut which 

canines and Ihe diastema, the rescmbtnnce directly negatived by the testimony of 

to the great ape ia preserved ; in other and original Inquirers, who Jiavo specially inv 

most important respects, the denlltlon is ex- tigalod the matter; and that it neither I 

tremcly different. Instead of 2(t teeth in bei-n. U'jr can bo. supported by a single u 

the mdk set, there are 34; instead ot S3 lomical preparation. It would, in fact, 

teeth in the permanent act, there are M, the unworthy of serious I'eFntaHnn, except fat 

false molars being increased from eight to the general and natural bel'of that delUxaM 

twelve. And in form the crowns of the and reilenilud assertlDOS — 'Jsl have seiiir-^ 

molars are very unlike those of ihe Gorilla, foundation. 
and ditTer far more widely from the human 

pattern. Bcrore wo can discuss the first point wll 

The Marmosets, on the other hand, ei- advantage we must consider with some a_^ 

I Jiiblt the same number of teeth as Man and tention, and compare together, the structun 




EVIDENCE AS TO MAK'S I'LACE IN NATURE. 






of the humnn liimii nnd [ha,C of llie kr-rana iromlhatof the liaiid ; nadyet. wlien dosoly 
foot, 80 lliat we may have distioct and cleur compared, the iwo preaeiit some singular re- 
ideas of what conBtimies a. luiod and what a semblances. Thus llie unklo eorrespimds in 
foot. amanerwlth tbu wriat ; the sold wiili llie 
The external form of the human hand is pulm : the toes with the fliigera ; llio pii-ai. 
familiar enough to every one. It conalats of toe with the thumb. But the toea, or digita 
a aloul wriat followed by a broad palm, of the foot, are farahorterin proportion than 
formed of flesh, mid tendons, and skin, bind- the digits of the hand, and are leas movable, 
ills together four hones, and dividing into [he want of mohility being most strikins iu 
four lung and flexihle digits, or fingers', each the great toe— which, again, ia very much 
o( which bears on the buck of its last joint a largerin proportion to the other toes than Iht 
broftdand flattened nail. The longt?st cleft thumb to the flngern. In considering Ihis 
between any two digits is raliier leas than point, however, It must not bo f orgollon that 
tialf as long as the hand. Prom the outer the civilized great toe, confined and cramped 
aideof the base of the palmastoutdigit goes (rom childhood upward, is seen to ii great 
off, having only two joints instead of tUtee ; disnd vantage, and thai ii 
ao short that it only reaches to a little be- bare fooled people '" 
yond the middle of the first joint of the fin- mobility, and ever 
ger next it ; and further remarkable by its Tlie Chinese Iwalmen a: 



:i uncivilized and 

a great amount of 

le sort of opposabilily. 
c f aid to bo able to 




great mobiiily, lu r 
tw) be direclctj oui< 
angle to the real. 
" pvUex," or Ihiiml) 
Imnaflutnail. up' 
ftl Joint, lu conv' 
tiODSund mtibliity i< 
tnmcd " oppusiiblL' 
tmnlty can, wilii 
brou^t inti 



of till! I 



Dnaequence of which it pull an oar: the artisans of Bengal To weave 

vard, iilniost iit a right and the Carajas to steal fish-hooks bv ita 

Tiiid djgi! is culled the help; though, afler all, it must be recol- 

; am), lite the others, it lecteB that iiie slnicture of ifs joints and the 

III llie liitckof Ita ttirmin- arrangement of its hones neceseariiy ren- 

Liiu-iiiu of t lie proper- der its prehensile action far less perfect than 

I tliciliumli, it i4whul ia that of the ihnmh. 

iinilhcrwoiiis, its ex- But (o gain a prpcise cnncinlinn of Ihe re- 

lliu grwleat euse, l»e aemblannua and dilTeriTci's c.f |hu hnnd nnd 

uiih Lhu FEtleniitlea of foot, and of the ■liBiiiiciivp charflclpra <if 

a priijieity upon wliich each. 



■ay 

tlu possibility of i>i 

cooceptioD^ of the ^--^ — r 

The exlnmnl form of the fool uiftera widely 



«iryingi 






oelTeci iliu compare (he bony fmi 



irgely dept-n 



u (Kiu 



I»l. 






'■ akin, iind 



1 of ihu hanj txliibilA. i 



m 

r litei 



EVIDENCE AS TO M.VN'S PI.ACT, IN KATURE 



region which wp tfrm ihe wrisi. and whit'h fitiairs nr6 lient. lUu HoBliy pans of Uie Acs- 
I« technicsllvcnlled llii-r-irpiis— two rnwgof nrs" ■■f Ilia flnLj-L-ts. jilacul U the arm, cim- 
doselyfllleil pohentinl b-mcfi, fnur in endi IraL-i, iii tiniiu of llioir pti-uliur eiiiiowrawnt 
TOW, whirh are tolpnihly Piiuiil in r'np. Thu mb puiisclcs ; imd inilhu!; Ihf leoilmoiis 
honeaoF llic ftrpi row wilh 111" linnrB of the coriiii. counecWU witli llii'ir cn.ls, cause Iheiii 
(oreatm Furin'rli" wrist i» fiinl. a"'i bt nr-- to pull ilown Ihe-bouoB of Ihu fingers toward 
iBDgpd BJdp liy side, nn iine ^rii'mly rxrc^t- Uio palrn. 
ing or overlapping Ihe rest. Not only are tlie priiicipal flexors of llio 

'riie four honi'ii ol tbe Sfcond row of the Snj^rg und of Ihii thumb luii;; miuclcs, but 
c-urpus hear lliu (nm Inng Uonps which sup- tUuy rvtnuin quilu difllincl froiU one unother 
port Ihu phIiq of Ihe hand. The Hflli bone thTimghout l.heir whole length. 
of Ihe fiime cliiinifliir is aiiiculHled rn a In Hiu finH there are also ihrea principal 
much tnijii! fiee nuil iiinvnl>|t' nidDLer Ihan flexor luusdM of the digila or toes, nnd Ihrw 
the ulhcrs. willi ils cnrpal IkiiiI', ]ind Torms princiiinl rxlenauts ; but una cxteUEOr and one 
Uie base of thu llumli. Thtse iini CMlled Qt'siir nn- shiirt muscies i that is to uy. 
mrtiicarpal bones, mid ihey cniry the tliuir flL'shy patis are not siliiaied in Iho leg 
phal/nigea, or bonea uf ILe dipils. of which (whicli uoircapondu with tlioarm}, hut in Ihe 
iheie are two in Ihe iliumb 811(1 ihrfc in each bacli and in Ihe sole of Iho foot — reclons 
of Ihe lingers. whidi corrcBpnnd wiili ihe buck and the 

The skeleton of the foot ia ipiy llkelhnt of palmtf Ihf hand. 
Ihe Lard in some reEperts. Thun iliere are AgHln, Ihe londons of Ihe long flexor of 
Ihrwj phalanges ia eoch of llie luper Iocs, the toes, and oE the long fluxor of Ihu (treat 
and only Iwo Id Iho grral \i-v, n liich an- toe, when they reach Iho sole of Ihe fool, do 
swcrs lu llie lliumh. Tlieie \s a limg bone not rumaiu distinct from one cnolher. as tUo 
Icrmcd mrlatUTfOl, answering Co Ihe raela- flexors in the palm of tlic hand do, hut Ihcy 
eoipal. for each digit ; nnd Ihe farms which become united and commingled in a very 
rorresponds willi ihe carpus, prtKFnis four curious manner — while their united Icnilons 
»hort pulygnnat bones in a row. wliirh cor- receive an accessory muscle connected with 
iFspond very clostly wilb Ihe four carpal the heel -bone. 

bones of Ihe second row of ihe hand. In But perhaps the most ahsohilely diatinctiTO 
othpr respecta Ihe foot diffeis ^ery widely chiimcter about the muscles of the foot ia Ibe 
from the band. Thus the sreat <oe ia the exlalKOce of what is termed the pei'onizu«2(»i> 
ViDgest digit but one ; and its melatarsnl ie gua, a long muscle dxed to the outer hone of 
.'ar less movRhiyerlicuifltcd wilh Ibe larsus the leg, ami sending its tendon to Iho outer 
iban the melacaipal of Ibe lliumb with the anklo, behind and below which it paiases, and 
mrpiiB. But a far more imporlanl dialinc- then crosses the toot obliquely to bp attached 
lion lies in the fact !hat inslead of four more to the base of the great toe. No muscle in 
tarml bonea there arooniy three; and that the handexacilycorrespondawithihis, which 
these three are not arranged side by side, or iii eminently a loot muscle, 
in one row. One of (hem. the m raleiii or To reaume— the foot of man is distin- 
heel bone (ca), Ilea externally, and sends hack guiahcil from bis band by the following ahao- 
tho large pro.ieciinK heel ; anolber. llie at. .uto anatomical differences : 
h-agaiwi (as), rests on ibis by one face, and 1. By the arrangement at the tarsal bones. 
byanolber, forms, with Ihe bonps of Ihe leg, 2. By Imviuga abort flexur andasbort ex- 
tbe ankle joint ; while n third face, directed tensor miucle of the digiis. 
forward, ia separated from Ibe Ibree loner 8. By poaaessing thu muacle termed ptro- 
larnd licinea nf (be row next tbe melniarsns mma langtia. 
by a bone called the »eajihoid(ae). And itwu desire to ascertain whether the 

Thus there is a fnndamenlal difference in terminal division of a limb, in oilier Pri- 
tbe structure of Ihe foot and ibe band, oti- mutes, ia to lie called a foot or a hand it ia 
servable when tbe carpus and tbe Inrsus are by the presence or absence of these oharac- 
contrasled • and Ibere are differencea of de- tera that we mual be guided, and not by tho 
greo noticeable w lien Iheprnportionaand the mere proportions anil greater or lesser ino 
mobility ot the nietacnriials and metatarsals, bility of the great toe, which may ifary in- 
witb their respective digits, are compared definitely without any fundamental ulterft- 
tOG^ther. tion in the struclure of lUu foot. 

The same two cJobsch of riifFereneea be- 
come obvious when lire mUFcies of Ihe hand Keeping these considerations lu mind, let 
arp eompart'd wilh those of ibe foot ua now turn to the limbs of the (Gorilla. 

Three principnl seta of muscleB, called The terminal division of thu forelimb pre- 
" flexors." I'end liie fingers and Ihiimb, as in aenta no difficulty; bone for bone and muscle 
clenching Ihe flsl, and three aets— the exien- tor muscle are found to be arranged essen- 
aora — extend them, as in straigbiening the tialiy as in man, or with such minor differ- 
Ungera, Tlieae muscles aie all " lung mus.. encea as are found as varieties in man. The 
clea ;" that is to say, Ibe fleshy part of each. Gorilla's hand ia clumsier, heavier, and has 
lying in and lieing tlxed to ilie bones of Ibu a thumb somewhat shorter in proportion 
arm, is, at the other end. continued into ten- than that of m.in : but no one has ever 
dons, or rounded cords, wbicli paiis into llie doubted its baling a true hand, 
band, and are uUimniely lixtd lu the bonea At first sight the terminulion of the hind 
Which are to be moved. TIiub, when Ihe limb of the Gorilla looks very hand-like, and 



EVIDENCE AS TO MAX'S PLACE IN NATURE. 

BB It Is Btill more so in many of the lower eltuclure otlbe fiwil belnjr in Mript t'orraln. 

upes. il in not wopderful tlmt tliu tip pel Lil ion linn witli tliiil ot ILe ichI uf ibn ntgauixm iti 

"QiuMlrumnna," or four-handefl tremii'ti^, eiifili rust. Nor cau U [m diiiiljleij [liut llie 

adopled from the older aoatomials hy Bin- ^^reater dirialoa ot plivbiol'iginil lalior in 

muDbuL'li, Hud unforluuuU'ly rciidcn.'d cur- llitn. so IhiiL tlio ftiiiclion of support U 

itnt by Uuvlor, should liavc guintil euth thrown wholly iin tho teg nnd fnol., la ao ail- 

wUlc utcpjjlMuce as a name for lUu SimiBa viinceiulha onraDizWion of very great ino- 

group. But ILt: most cursory uDHloinicul iu- iui;rit to him ; liut, nfier all, regarded ana- 

vcBligatiou at once proves Ihul the niNm- tomirjilly, Ihe rcwtmlilsncM belwettn Ihe foot 

liltuivu of Uio B0-('alk'd " liind-haud" lo u of Mail and the font of the Gmilla are far 

true liand is ooly skin deep, luxl llmt, iu all tnorc siribiug nod important tliaa the dlffur- 

Naculiui nBpvcLH. the hind llml) uf the eoccs. 

Gorilb is as luily leimiualtd by a fool as I have dwelt upon tliia point at Isniitli. bf- 

tiial of inan. Tliu tunal Iiuqur, in nil impor- cause it is one n-gnrdiag nliicli much delu- 

Unt ciicumslUDcra i>f number. dispoMl Ion, sion prevails; but I might hav4 p>i«Keii ■* 

Mid form. leteiiiblB ILosi' tif man (Fig. 19), ot:er without delrimont W my ni^metu, 

TJie niutalarmls ami diglls. on Ui;; other which only requires me to show iliat. be tba 

band, are proporliooully longer and more difTerenceBhetweenlbehandandfuot of Man 

slender, nhilo Ihe great too is nut tmly pro- uud lUona of tho Gorilla what tbey may — the 

portiunally bhtiilL-r and weaker, but its met- differences between those of the Gorilla and 

otarsal bone is uniled by a more movable those of the lower Apes aie much grtalcr. 

IS. At tlie same time. It is not nuocBsary lo descund luwer in the 

□ obliquely upon the leg scale llinn the Oraog for conclusive evidenDQ 

on Ibid head. 

i, there is n short flexor. Tbe Ibumli of the Orang differs more from 

peroncsuslvn^is, while Lhal of Ibe GorllU than the Ibunib of the 



Jnipt wilb Ihe Ian 
the foot is set mi; 

As to Ibe inuscli 



the tendons of ilio lon^r flexors of the great Gorilla differs from that of Man, not only by 

toe and of Ihe other toes are united together its Bhorlncsa, but by Ihe alisj-nce of Buy spe- 

Bnd with an nci^issory fleshy bundle. ciul long llexor muscle. The caipuG of Ihe 

The lilnd limb of Ibe Gorilla, tlierefore, Uiting. like that of most lowernpes, contains 

ends in a true fnnt, with a very movablu nine hones, while In Ihe Goiillu, iis in Man 

great toe. It is a prehensile f'lot indeed, and the Chimvimzee, Iheie are only eight, 

but in no scnHC a band : it is a fool which The Oiang » foot (Fig. IS) is il\\\ moia ub- 

difllers from ibnt of man not in any funda- erinot -, lis very long lues and cliorl tarsus, 

«e&tal character, but in mere proportions, in short iireat tou, i>hon anil raisi'd heel, great 




" Oranff 

e of mobility, and in the secondary rbliquity of arlicululion in Ihe leg, end ah- 

eut of its parts, seucc of along- flexor lendon lo Ibe gnat loo, 

I nil lie siippuaed, however, liecause pepuraliog it far mote widely from the foot 

I speak of these diflerenre^ as not fimdami'n- nt ibe Ooiilla than Ibe latter i» ei'puraled from 

UtI, Ibal I wish lr> undiirrate Iheir value, ihat uf mau. 

Tliey uro impurianl enough iu their way, the But in some of Ihe lower apes the hand 




EVIDENCE AS TO -MAX'S 

«nd Tool iliinKo ((ill nunc frop. iliosc of the with llie apinni o-ml into whlcli it li era' 

Ouriila thfln tlicy rtu in ilic Oinng. The liiiuml. aii'l wiili tlit- iierrcs wliit^h camo ult 

Ihiiml) i-casfn In Iw oiirn^iibli! !□ ihu American frnm it ; of ibe <iej;in«ai8 of tvliicli H is cnni- 

monkeys : is ri-iliicwl In a mere rudiuent poscii — ilic olfacliirjr lolies. llin ccTfliriil lu-tii- 

covvri^ liy llie skin iu Ibn Spider Mtiiikef .' upUui'H. an I Uu; tiaccueding clivifioiis — dq 

ancl 10 dircclpd fnncnrd and anncd niih & utio pruJaminntcd s i iniieli over Itic rc-Rt hk lo 

carved ciaw like the filiier digits ill ilie Mar- ab^turu or oo'or iJieii; and ibe 8n-ciil]ud 

moicls— BO Ihai in b11 lIieeD cuaee tliero can opliit lobes arc f rRigiiuntly ibc lurgesc musses 

be no <]oubl hut that the band is more of oil. lu Reptiles the mats of Ibe braJD, 

dilTerent from Hint of ibe Ooiilla tban the reliLtlriily to llio sploal cord, increases, ana 

Gorilla's hand is frnm Man's. [be cerelirul homispberes begin to pre<1omi- 

And as lo the foot, ibe jh^-eHt loe of the nate orcr the other parts, whilu in filrda 
KEarraosct is Et ill more insignilicant in |iro- this preibmitiiitiue is Hiill more msrked. 
poTtion than that of the Otati{>: -"While in the The brain of llie lowest Mammals, such as 
Lemurs it is very large, snd as compleicly ibe d;i;k.!»illcd Platypus and the Opnsauma 
thamb-like and opposable as in llic Gorilla — uud Eno^aroos, exhibits a. still moredeOnila 
but in these nnimals llie second loo is often advance in the same direction. Tbe cerebral 
irregularly roodiQed, and in some species Ihe hemispheres lutve uow so much iociensed in 
two principal bones of the Inrsiis, the aalra- size us, more or less, to bide the represetiia- 
.!?«(«» and the (WiwWii.nreEO immensely elon- tives of the optic lol)e8, which remain com- 
^led as tn render Ihe fnnt so fur totally ud- parati rely small, so that Ibobraiuof aMarsii- 
like that of any oiliurraamraal. pial is extremely dilferenl from that of a 

So nilh rrsaril lo the musilus. The short Bird, Ruptile. or Fisli. A Blup higher in tho 

flexfiroflbf tnei nf the Qotiiia differs from scale, among tiie placental \lammula, tha 

that of Man by Ihe cb-cuni stance thai one structure of iha hrain ncquires a vast modifl- 

slip of Ibe muscle isBllHched, not tntbeheeU cation— not that It appears much altered ex- 

Imne but It> Ihe Icnilons of Ihe long flexors, ternally, in a Rot or in a Rabbit, frum What 

The lower Apes depnit from Ihe Gorilla by it is in a Marsupial — nor that tliu pioportiiHW 

BH exncgcmtion of the same cbarsctev, two, of Us parts are much chan^d, but an uppar- 

three, or more, slips ■i('i'"ming fixpd to the ently new structure is found between Ihe 

long flexor lendfiits— or hy n multiplication cerebral hemispheres, connecting tbcra to- 

of the slips. Ajniin, Iliu Goillla diffeis gether, as what is called the "great iMta-. 

alighily fi-om Man in Ihe mode of inlerlaring misaure" or " corpus callosum." The sub- 

nf Ibe lung flexor lendnns ; and the lowei ject requires coreFul relnvestigatinn, but II 

apes differ frrim IheGoillln in exblhiting yet the curruolly received slalcmenls are corrral;' 

oilier, snmelimfs very comjilex, arranire- tho appearance of the " txirpiis callosum" la 

menia of the t^nme pails, and occDsionnll.T in the 'placinilai raainmiU ia llie greatest and 

thi' aORcnce of Ihe ncceESOiy fleshy biindip most sud'len modification cxhibilcil by the 

Tlir^ufiboiit III! these moilllitatiaiis it nut' l brain in llie whole series of veitebraled anl- 

b:! rrcotiectEd that the foot loses no one of tnais — it i^ liie greatest leap anywhere made 

lis iB*ntial charnclers, Eviity Monkey and by Natiiie in her brain work. For the two 

Lemur exhihils tliu characieiisttc arriinee- halves uf tlie brain Iteing onco thus koie to- 

mcnt of tarsal bonus, pus^esscs a shuit flexor ^etber. tbi: piogrcs,i of cerebral complexity 

and short extensor miisclf*. and it perontEiu ia ttautable llirimgh a complete aeries of 

tongui. Varied us lliu proportiouij anri ap- steps from the lowest Rodent, or Inseclivore. 

pearance of the organ may be. liie lemiinal hi Mtin ; and that complesity eonaisls 

division of [be hind liniU ri'maluH, in plan chiefly', in the disproportionalo duvelopment 

and principle of consincnirm, a fooi, and of the cerebral hemispheres and uf the cere- 

never, in lliose rospeels, cm be uuufuunded _ bBllum. but especially of Uio formiT. in re- 

with a hnn.1. ispucl lu the other parts of Ihulirabi, 

Hardly any prirt ot llie boitily frame, Iben, In lb'; lower placental mammals the cerebral 

eonld he found better caicuiutuil to illusiiate hemispheres leave the proper upper and po»- 

the trutli that the structural diffcrciKWS be- terior fai« of the cerebellum completely vis- 

tween Man and the highest Ape are of less ibie, when the biain is viewed ffoni above. 

value than those between the highest and bul. in Ibe higher forms, tho hinder part of 

Ihe lower A|>es, than Ihii hand or the fnot, each hemisphere, separated oniy by the ten- 

and yet. purbiips. llicre is <»iie organ the turium from the anterior face of the cere- 

sludy of which enforces tbu same conclusion helium, inclines backward and downward. 

In a still more striking manner — aJid that w and grows out, as the so-called " posterior 

Lhe Brain, lobe, so as at length to overlap and hide 

But before entering upin Ihe precise iiues* the cerehellum. Ju all .Uanimals each cere- 

tlon of the amouut of difference between Ihe bral hemisphere conlams a cavity which 

ApB'a brain and that of Man, it is necessary Is termed the " ventricle," and as IhiR vcn- 

that we should clearly understand what on- tricle is prolonged, on Ihe one liimd. forwurtt,^ 

Blltutcs a great, and what a fmall, difference and on tlie oiher downward, iaio llie auh-' 

ia cerebral structure ; an. I we sbnil bi- lu'St slance uf the bemisphure. it is said to 

enabled to do this by a biief slu'ly tif Ihe have I wo horns or " ciiiuun." an " anlcrioi 

chief modlflcations wbi'ib tlie liraiu exhibits cornu" and a " descendiiij' ciirnu." When 

in the series uf vertebiate animals. the poslerior lobe is well developed, a third 

The brain ot a flsU is ver3- small, coroparod proliiugul ion of the ventricular cavity extendu 
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Into it. nnd la culled the " posterior corau." 
In llie lowt-r and amnller forms of plaren 
ta.1 Mummnia tlie purfatc of llie cerebral 
liemispheiva ia riilicr smnnlh or evenly 
touniled. or exliibitu a very fe-w cmnves, 
which are tecliDically IcrmRa " sulci,'' sepn- 
laliag ridges or " con volutions" of the snb- 
stanco of the brain : imd tlic smaller epeciea 
of all ordei-E tend to a similnr emoothnssB of 
brnto. But in the liigher onlcrg. and especi- 
ally the larger inemlters of tiieso orders, the 
grooves, or snlni, becnme extremely numer- 
ous, and (he iutermedinle convolutions prr>- 
portionately more enmplicnted in llieir meon- 
derinj^s, until, in liie Elephant, llie Porpoise. 
the higher Apes, nnd JIuu. the cerehrni sur- 
face appeursu pcrFect luliytiuLh of toriuoiis 
foldings. 

Vheie apofilerior loheexisle and presents 
JlB cusliiniary cavlly— the posterior ctirnu— it 
cominuuly liiippens that a piirlicular sulcus 
appMtrv u|>on me iuuer aud uudi;r surface cf 
lue lolK. jMrullcl with uud heneath the Dour 
of the cornu— which is, »n it were, arched 
'Over tltc roof of Iha i>ulcu»'. It Is as if llie 
fCKMVc liud hucii formed by indviitlng the 
floor of the posterior hum Irom without with 
B blunt iiislrumcnt, tn that the Hour should 
Now this cmi. 



neoce is what has been termed the " Hippo- 
campus minor," the" tlippocampusiiiajoi''' 
being a larger eminence in the tlonr of tbe 
descending (»rnu. What may lie ihe funi 
tional importance of eilhcr of thC!,L' li 
tures wt. know not. 

As if lo demonslrale. Iiy a sinking e: 
pie, llie impnsnihiliiy vt utiTltnu imv ■ 
bral Imrrier Iveiween miin anil iii<* i.\t\-< 
lure has provided us. iii lliu lutlui' 
(vilh an almost complete S(<riea of gra<inii(iQ.s 
from brains little higher than that of a rto- 
dent to brains lilllo lower than that of Mao. 
And it is » remarkable circumstance that 
though. BO far OS our present knowledge ex- 
tpnd'j. Iliere it one true Mlrnrlurnl break is 
the series of forms of Siniian hmins. this hia- 
tus docs not tie between Mun u&d the nuui- 
like apen. but lietwecu the lower and the low- 
est Simians : or. in other words, between lite 
olil nod new world apes and monkeys and 
the Xicmura Every Lemur which haii yet 
lieen examined, in fact, 'las its cerebellum 
parliall.v visible from above, and its posterior 
lobe, with the conlniui^d postciior cornu and 
liippocnmpns minor more or less ludlmeot- 
E A m A an nonkey, 

d dm k B Ix i Ikeaps. 
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ou Ihc ronlniTF. Iiiia Us I'd clii'lluni inltrely 
hidden, pnsicrioily. by llie ci'i'ebiiil lobee, 
mud )>n8!;('S8cs il Urge prieleHor cornii, ivjih a 
wfll -developed liippociimpuB mirnir. 

lu many of these creatures. s»di ns the 
,Bnimiri WhrjinothrUy, the cerebral Uilies ovtr- 
lap nnd extend much fnrtlier behind Ihe 
eeiebellura, in propiiriion. than ibey do in 
Kdn (Fig. IS) : and it is qtdie ctsrlain that, in 
nil, the uuKtu'llum iacuniplelelv cnvend be< 
biud by well-ilcTelopi'd pn«it:ri(>i' liilies The 
f Aut CHD be vciilied by every line who pos- 
BeSfifs Ihe bkiill at any old cr new world 
monkey. I'or, inasmuch dh tba biain in all 
oiaiiiniuia ciiinplilely HIIh [he cmiiiiil uavity, 
:t is obvious ib»L n casi uf the iniciinr of Ihe 
ikull -will repnidiLce ibe (^'ni'ml foim nf tha 
liliiiii. nt tiliy r:iir ivilli ftucb minuie Mnd. fttt 
ii)L |ir>j(-Liii. |itii[ioM', imerly unirniinrtant 
lilli'ic'iii-i.!- lis mill m-nh from Uie absi-aceoi 

Iry iliiill. IJiil it such «■ cast be made In 
^l«sl«. ;ind compared wjlh a simlliir cast of 
bt iriiciiiir uf a hiiinun skull, it will be obrl- 
>UN (bill ilu; i-aat 'lE lliu cerebral chamber, 
;eprc:ieijlmj^ Ibe cereliiutn of Ihe ape, an 
»mpletely i^uvevs over aud overhips tlie cast 
of iho cereltellni; chamber, rcprcseoling the 
cerebellum, as il iIusb in ihe man (Fig. 20). 
A mreleaa observer, foigettiug that a fuft 
structure like Ibc brain InaeHitii proper shape 
the momeui it !a token out of tlie BkuU, may 
Indeed mistake Ihe iinrovered ii'in<lilion ot 
the oercbelbim of nn i xltnHcd iiTid liis^lnrted 
biain tur Ibe imlurul ri.-luiiun!i t>f ihu prirta ' 



but hl9 error must become paient eren ta 
himself if he try to replaen Ihe brain vrilhia 
Ihe cranial chamber. Ti> suppose Ihal the 
cerebellum of nn npe is uatuiHlly uncovered 
Iwhind is a miscomprehensiun cuuiparalil« 
Duly \n that of one who should imagine that 
a man'a lungs atwaya occupy but a small 
puriiou of the tliorncic iT.vitv — hccauK lliey 
di) »n when Ibu i'tit">t Is openei), and Iheir 
elnslicily is nn lonirer neuirnlized by ttiopies- 
Buicnf Ihuair. 

And the emr la the less excusab'o, as it 



>t buciin 



.ipiia: 



or the Bkull of any ape 
abu/u n Leiiiu'. wiihiiui inking Ihe tfonbla 
lo miike a ivi-l "f il. Pni- Ihcri- is a ^nf 
niarKed cioi'^i' in evi'ry tiu<:b skull. !is in Iho 
hujn:in sku'l— wliich iti'liciitcs iIr. lire of at- 
taehmi'ii 
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erp(j!ieJ bo- 
wana \i\v r.un^iimin and the cer.'liellum, and 

E-eTeMl!i 111" furi]i>.-r fmm piitaslu^ upon the 
Her (si-'G Kig. lb). 

Thi.i gnidvu, iherefore, indicates the line 
uf Be]uira[ioD bctwoeu lliat pari of tlm cranial 
cavity which CO Q lain e Ibe uerebrum nnd thai 
which cnutniDS the cerubelliim ; aud as the 
brain exactly lilla Ihe cavity of Ihe skull, it 
is obvious that Ibe relations of tiiese two 
parts of liie cianml cavity at once informs ua 
of the relations of Iheir contents. Now in 
man. in all ibe old wot Id and iu all Ihe new 
worM SimiiE, with nue exception, when the 
faue la direcuid forward this lino of allach- 




ment of the tentorium, or impression for tlic Cliinipanjtee'H or the Orang's liruin can lie 

lateral sinus, ua it la lechnicaMf cnlled, is Etructumll; dialfnguiKtied from Mud '?, 

Dearly hurizonlsl, and the cerehral eUiiinber So far as cercljrSlBlructuiecnes, iln'refore, 

inrsriably overlaps nr projects lieliind the it is clenr that Man differs 1e«s?rGmtlje Cliim- 

«erohellttr chamber. In IheHnwlerMonltey. panzee or the Oraog Ihan tlifsG do even from 

•9T Mt/eetm {see Pig. 16), llio lino imiHeH ob- the Sfoiikcys, and that Ibe diffciente be. 

liqwuly upward tnd hacltword, and the cere- Iwcen Uie brains of Ihe Chimpanzee and of 

bcal uverliip is almost nil ; ivjiile in Ibc Le- Mnn U almost iosigDJIioant, wlien utititpared 

mura, as In the lower mammals. Uil- line is wiih that between the Chimpanzee bruin and 

tnuch rnoto inclined in liie same direction, that of a Lemur. 

anilliic ccrelieilur chamber projccia consid- It must not be ovejionked. however, that 

ernlily hcymd the ctrebial. there is a very Btrlkinj; difference in alisolute 

Wlieu Ibe giavpst errors rcspi'cling points mass and M-eigbt bPlWftn ibe lowest bumtin 

M c:i^ily wllli>(l as this (]iicstion reapecliug brain and that of the highest ape — adiffinencfl 

the ptislerior lobes can be autborliulively which is all liie more remarkable when we 

propounded, it is no wonder Ihat mallera of recollect lliat a full grown Gorilla is prcliably 

observalion of no very complex chiiracter, pretty neatly twice asheavy asaBoNJnaman, 

butetill requiring a certain umnuut of care, or as many an European woman. Itmaybe 

ahonld have fared worse. Any one who doubted whether a heuithy human auuit 

cannot Bee llic posterior lol)e in an ape's brain ever weighed less than tliiny one or 

brain is not likely lo give a vervvnluubie two ounces, or iliat Ihe heaviest GoiIIIb brain 

opluiim respecting the nopterior toruu or the has exceeded twenty ounces. 

bippocampua minor It a man cannot .see a This is a veir noieworlhy circumslancfl, 

ohurch, it ia prcposterouH to take iiia opinion and doublleaa will one day help lo tuvnifih an 

about its altar-piece or painteil window — so explanation of the great gulf wlilch inter- 

ihal I do not feel bound to enter upon any vcties between the lowest inim and Ihe hiph- 

dif^UBsion of these points, but content my- est ape in inlellecluui power ; * but il has lit- 

self with aesiiring the reader that Ihe posle- — — — — _ __ 

i4or eotnu and tlie hippocampus minor have • I «n j As'p to fnmli'ti. for I by no inetiiB inliwo 

now been a^en-nsually. at least as well de- |,'f°'|i,;^it™^,,'|J'i«';',";.';^*'^;;;:rd ;;',,,':!;■;; I;?" 'i^'.fl^; 

veloped as in man, and oflen lieller— not (iieTiimi(iiiaiiciihepiihLT.-.iiii -(lr|.,■^ vrM. h ii d.-d 

onlv in Iho Chimpanzee, the Oiang. and the fntlifpiBMitenominn^Biiif iiiniin rn. m ii iboi 

GIblinn, but in ail Ihe genera of The old !:nc?o/f^rt™i'i«lI'i41I,'rrmi'r'''''''' ,'''''' "".''''}"' 

world baboons and mookeya. and in mos! of („ oiher wdi, uf diffm'nrV m^hc romMn^il'imia 

the new world forms, including the Miirnio- i1ie prlmnry nioli.'CRliir lonvi! ot i\\ lu^ fuiwauce ; 

"■£ r.M, nil im «bui.a«nt mi m„li.otll,r SS'Tffih"m i11,ES»7;S; £™S 

evidence (consialing of Ihe results of careful Ape ii!i<i Mm Impiiea n cormpoi>dIi>iE Mruiturnl 

invesliKBliona directed to the delerminafion «^™ '" ,"'° iS^'H'" "' >ho iniellatiul funiiloiu, 

of Ihe^ very qucslions by akiiled anato- ".-t,: prov'S. l.m^h^^1!^«7 ;t/.'.t hm -n^^^ 

mists) which we now possess leadu lo the Sclenieiiilnmiiipslencioil.lect lliem. a iiiTlhilu 

Bonviclion that, so tar from the poalerior "■u-ld'fa'toii.liawevHr.nllP 1 ihmk.ilioii tii,>"r!iiiucj 

lobe, the posterior cornu. and Ihchippocam- ",Um%S^ul|^lli\™^w.— '*^^ 



pua minor, beine; structures peculiar to and on tli^ binlu.vbsteas ihe brum t> only unecoiiiJiciaL 

characteiistic of man, as they base been over out or rnanyon whirh iniellwvrual luiuitrHj-t.iriDus lio- 

uid over again asserted to be-, even utter the J'™!:, '^i^'a "tile's „';^°ip'„';;^5,;^Vp'^ul I i/iuSS 

publication of the cleiircst demonstration of nbich ati- touct'mcdlnpienuiuioua'tdlii IbaproiluE- 

the reverse, it is precisely Iheae structurcN Umi or nntcnisiBiptich. 

Which are the most n.arkert cerebral charac- i,t*,'"^S». ^fl CLTeriilS'ot lS!S/taJ^ 

ters common to man with the apes. They u,,] im-tlncJa. wonld be cjipibie of fi^w blsliorl tal- 

ore anioug llie moat diBlinclly Simian peculi- lecfial msntfeiiiiiiioini th»n m Orang or & Lbimp«n- 

aritiea which liie human organism eshibits. S^,.,'',''." Yn^ ?w£iHeJ5.ht''oTbS% '"ii''i"to2 

Ab lo the convolutions, Ihc iraina of tbu ,ii„,.,.„iibk>tlilti.rencel)eiw™i bl. bruiuondlbi[(?» 

SHaexidblt every stage of prngrei^B, from Ihe liiirlilyiiiielliaeniainl rjilrtmed pmon. tIib dnmb- 

BlmoBl smoolh brain of the Marmoset, to the n.'^inisht bMhYi'mirtoraiieftrllieBinicliireofao 

Orarig and the Chimpanzee, which fall but ftal'cr'o.'e^pSH^rt^Tt misll?^i.|[ i^I. il^S 

little below Man. And it is invH remarka- u\ dvataeBi, rBna^a br »oinu riilimtc ietrct of tbe In- 

ble lhf,t, aasoBn aaull thepimci[)nl suieiap- leimieM, which only a tatemi aiuuomlst raiiM dta- 

pear. Ihc pattern according to wliich they are '="1'^'^ s^nment. ihni hrcnn™ ibcrc is nn tai^enw 

nrrangi-i] ia identical with thai of tbe corre- iliirtiri.'ni;ebenr»naMaii'eiut<lllB^nRi! uiilan Aije'c, 

apiinlling sulci ot man. The surface of the lUerernn; there must be an equally immense difibi; 

bValn ot a monkey exhibits a sort of skeleton ^'=,%K^.'Sthe''™^n'!SS"b?«l,rcE ™%SSSd 

map of man's, and in the man-like apes the enrifnvor lo ptovn (h«t. bectnw rhwi- !■ ■ "KreM 

delaile become more and moie filled in, until iinif"i-HiwL«uawa(ch that krtp«Brciiifli« time and 

It I. o.ly in minor ch.,..1=n,,,«;l, „ Ih. S'lI^lSAKSriSSTJ'.SS"! 

jp^aler excavation of tbe nnteiii.r lobes. Ibc hair tnihe balance-wiieel, a Hole ni>i onnpnlon. ■ 

couslftot presence of fissures utuiilly iiUsent bend lu u looih urihc uscapcmpnt.n. wjinorhiiig » 

In man, and tbe different dispOKilion and '""''jfJ!!!!.™ T. ™.^T ■h" P'™'„I i!',!'^"j-"-.3.' 

»u luu..., ^j ., . ,. can discover It, may be ttie BOnrco of all liia aiaer- 

proDurlions of some convoiuiioaa, Ibut the Hnoe. 
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EVIDENCE AS TU -AIANS PLACE IN NATUIt? 

lie syatemi...!, taltie. for the aimple reason be no jusilikitiiiiii for placing liln ,^ a <).*- 

thai, as iiiHy lie c'<ini.'lm)ed from what has tiuct order. 

becD ulri-ady gaiJ rcspfClltig cranial capaci' And tliu3 Ilia sagRciouB forcaight ol Itiu 

^, lite diiturL'nce i[i welfflitnt brain between great luwj;iver of ay^tcmatlc zoology, iiiD- 

tbebigliectiiud the l')\vestmQDlafur (greater, owns, i>eoutni» jnsiified, and a century of 

both relatively U11I.1 iiti'totiitely. tbtm liiat be- analomicnl rcsi-arcli brings ua, back to hie 

tweeo ilii! tiiwesi irmu imd the hlgliest ape. conclui'ion, that mau Ls a member of Ihu 

'nielntler.asliuiibi.-L'iiiUK'a, isrepreeentedby, aama order (for which the Linmcan term 

SOjr, twelveoiiucxMiiFceiBbiutwiliBlikuceaban' PRiUATKanuglit lo be retained) a^ the A pea 

lulti;. nr liv;i'3 : 3J ri*Urlv'ely ; iiuLiifltbe lar- and Lemurs. Tbis order ia now dirislblo into 

gesi reconled bii;ij:tit Ini^ii weiglieil between aevcn fmuilies, of alraut equal s3*Btemfltic 

US and 'IS 'iiuiet^, tlie fijiiiier diJIorcnce is value: ilm lirat, Ilie ANTnnoFiNi, contams 

represenled by mo,c; ili,-m S-i iiiineCH absolute- Han alonu : ihe secimd, the Catakhini. era- 

ly, tirhyOJ: S3 rtl;iHvi;ly. It^g-arded Hysle- braces Ihs old world apea ; the third, tin; 

malienliy, llie ueiL-linii .liiTiT.nei'a of man Platvuhisi, all new world apea. except the 

and apes lire not of mi)ro lliivug.'nerie ralua, Marmostts; llie fourth, the Akctopithecini, 

his family disUoction rc.ill:!!; chiell^ rj hia conlaina tbe Marmosets ; thefifth, tlioLsuu- 

dentlliou, bi^ pelvis, and his lower limu^. EINI, tlie Lemurs — from whit^ CkeirBmyt 
Bhould probably be excluded to form a sixth 

Thus, whatever system of orgnos lie ztud- distinct rimiily, the Ciibiaumyini ; while Ibe 

ied. the comparison of tbcir muililicallona in seventh, Ibo O a i^iiopituecini, contains only 

the ape series leads lo one and ilio same le- the Syin^ Lemur Qaleopit]ucu*—& «Irange 

ault— that Ibe structural diHfircncos which form wbicb nlmost touches on Ihe Bats, as 

aeparnte Man fiom the Oorilli and the C'bim- the CheCi-mnyn puis nn a llodent clotbiu^, and 

panzee ore'Diit so great aa those wliieh sepa- the Lemurs simulate Iiiseetivorn. 

rate iliu Gorilla from the lower apes. Perhaps no oi der nf mammals presents us 

Uut in enunciating this impoTtant truth I with so exiraordiiiiiry a series of smdationa 

must guard miyaelf against a form of niisun- as this — leodipg u? insensibly from the crown 

derfitanding wblcli \s very prevalent. I and summit of the nuimol ereaiion down to 

4nd, in fact, that ilioae wbo endeavor to creatures from which there is but a step, as 

teach what nature so clearly shows us in this it aeema. lo the lowest, smallest, and least In- 

mailer are liable lo have IheJr opinions telligent of the placental Mammalia. Itisua 

misrepresented and (heir pbraaeology garbled if nature herself hivl foreseen' the arro";uacii 

until ihey seem lo say that the structural of man, and wilb Roman severity had pro- 

diffEvcnces between man and even the bigb- vided that his intellect, by its very triumpha, 

est npe^i ate sm:dl and iosiguiUcant. Let me should call into prominence the slaves, od- 

lake litis opporiunily then of distinctly as- monlaliioj:; the conqueror that he la hut dust, 
acrlins, iin I lie contrary, Hint they are great 

and i^ii;ii;iit.'arii ; llml every lione of a Gorilla Thcsa arc liio rblef facts, Ibis the immedi- 

licar,^ uiiults i>y wtdch it might be distln- ate conclusion fram them to which I ail- 

guUlieil fr'.im Uie it>rrpspanding bone of a verted in the comnicn cement of this Essay, 

muii : (iiui lh:ir.. in \\v: piusent creation, at The facta, I believe, caanot lie disputed ; 

any rali.', nn ini- rnn-iliiiiH link bridges over and if so, the conclusion appears to mc to be 

the (,'Jii) betwetii Jlniiuj ;iti<l Tivgiod^et. inevitable. 

It would be iiu !,.»- wrrmg lliun alisurd to But if Man be separated by no greater 

demy the existence of tills chasm ; but it ia at structural barrier from the hiutes Ihau \Xwy 

lepwi equally wrong and alisurd lo exaggerate are from one auolber — then it seems lofcl- 

ila magnitude, ami. testing ou the admitted low tliat if any process of physical causalion 

fact (if its existence, ft reftise lo inquire can be discovered by wMch the gt'nem ijid 

wlieilt'.T it is wMe or narrow. Rememiier, familieaof ordinary animals have been prti- 

if yiiii will, iliat there is no existing liak duced, that process of cauaalion is amply 

iK-tivi.i II Mun aoil llie (Jorilla, but do not for- sufficient lo account for the origin of Man. 

[ret liiiH liieie le a Do lues sharp line of de- In other words, it it could bo sliown that the 

miiicallon, a no less complete absence of any Marmosels, forexamplo,bavu arisenby grad- 

traiiniiimialfoim, between the Gorillannd the unl modific-ntion of the oidinary Plalvniinl, 

Oiaug, or the Omug and the Giblion. I say or that both Marmosets and Plaiyrbint arc 

not less sharp, lb 01] gh it is somewhat ear- modified ram ificalious of a primitive stock — 

rower. Tliu' slructurat differences Iwtiveen ibon ijicro wonlil be no rational ground for 

Uan and the ilan-lil(e apes certainly jaslify doubting that man might have originated in 

our regarding bim as aonstiiuting a family theonecuso by the gradual modification uf 

apart trom Uiem ; though inasmuch as he a man-liku apii, er m the other casa as a 

dUIei's less from them ihnn lUey do from ramificolion of the same primitive stock aa 

other families of ihe same order, there can (hose apes. 

Aiid liHiierin.' mi 1 in wiih (^.i«. ,i„i ii,,. ™». ■** "»<> present moment but one Bueh pro- 

,e;SdaS'»rfc;°tfe s^BChlSfKiidiWIinc^ eess of physical -causation baa any evidence 

ttiwacieroriiiBn iivii.'iiisr liiHini..^iiiiifiy iK'nuiiiiriQ in its fnvor ; or, in other words, ibere isbttt 

"ewiu-liViNil'/hiUmif/^m^^^^^^^ ""^ hypothesis rcgaidinff the origin of spe- 

?,5';:':',r-V.'5.'.'i''l'.ril"".1 V'.'?:L"J".'1'™='*".'=? ™\ cles ot aaimals in generid which has any 8ci- 

entiflc exislenco — that propounded by Mr. 

Darwin. For Lamarck, sngucious aa niany c' 
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bia Yicwa ■were, mingled Ihem with so nracli 
(but was crude, and even absurd, as to neu- 
tnillzQ lliQ bcuetlt wbicli hia oiiginalitj might 
tiavo rffuclcd Lad lie been a more sober and 
caulioiis IliinUcr : iintl tliougli I have beard 
of Iliu .iniioiinci'munt of a, formula louclimg 
" Iho ordaiiiud toDlinuous liecominj,' of or- 
etmic forms." it is obrluuslbnt it is ibe first 
3uly of a liypolbrsia la Im intelligiblt, and 
that a qiia-quu-TLTsal propoEiliou (,t tliis 
kind, wliiuli may ba imil Imcliivutd. or for- 
^TBTil,. or side-ways, wiili rx-.iclly tliu eutac 
amoimC of slgnitluatian, does not reully t'K- 
ist, tliougb it may seem to do so. 

At ILu. present moment, Ibercforc, Ibe 
question oi llio relation of mnn lo itiu lower 
animftls Tesolvea itself, in llm c^d, imu iliu 
Jarper quesliim of Ibo lenabilllyor nntena- 
bltity of Mr. Uarwin'B viewe. But Lcre we 
enter upon dtScalt ground, and itbeboovcs 
us to defina our exact position 'witb Ibe 
greiUest cure. 

It cannot be doabted, I think, that 3Ir. 
Darwin lias solistaetorily provtd Ibut wbat 
he terms sctecUim, or seleciiTe madidcation. 
mtut cccitr, and does occur, in nature ; and 
hti has also proved to aiiperdiiit; that aucli 
selection is compeirat lo prnducu forma as 
distinet, structurally, as some genera eren 
ara. I( tbe nnirauted world pie^coled us 
with none but structural diSerbiiccs. 1 sbould 
bara no besliation in saying ibut Mr. Darwin 
liM demonstrated Iba exislunee nf n true 
physical ciuse, amply comppltnt lo account 
for tbe origin of Ijvjng species, and of man 
mnong the rest. 

But, in addilion to Iheir slniclural distinc- 
tions, tbe species of anitnals and pljinta, or at 
least a great numlierof Ibem, rxbiliit pbysio- 
logical charsctera — wbat are Iviiowii as' dis- 
tinct species, HtTUCturnlly, being for the most 
part either allogelber incompolent lo lireed 
Dnewilh anoUier : orlftliuy breed, ibe result- 
ing mule, or liybrit!, is unoblc to perpetuate 
Ha rue with another Uybrid uf lite aame 
kind. 

true physical cause is, however, admit- 
led to lie sucb only iiu oau condition— I li at it 
-'--'1 account for all llie T>lienoiceDa which 
.. ie within Hie range of its operalinn. If 
' it Is ineonsistcntwithanyoncphenomennn, it 
t bu rejected ; if it fails to explain any 
one pbenonicnon. it is so far ■H'cnk, so far to 
ho suspected. Ibough it may have a perfect 
rf^ht to claim proTisional accc plants'. 

Kow Air, Iterwin's hypothesis is nut. so 
fiar OS I iim awnre, itieonBistent with qd^ 
known Uiologicid fact ; on the conlniiy, if 
admitted, ttm facts of DeveloptuenI , ut Ci'm- 
jMUAtiTO Annlomy, of (leogrnpbietd Distribu- 
tion, nnrt of Pa!a;onIolfigy. Iwcome conncct- 
'vd tQRctlicr, and exhibit n mtanlng such as 
'Ihey never possessed lie tore : and 1, for one, 
flm'fiillycnnvlneediliat it not precisely iruo, 
tbat liypolhcsis ,*s nH near an approximution 
tC Ihe Irnth ns, tor example. Hie Cnjicjnican 
bypolhesis was lo liie liim llicory of the 

Bui, for all Ibis, our acci'plnnca of Ibe 
' Darwinian bypothesia niiii^t be proTisionui so 



long as one link in Iho chain of evidence ie 
wanting ; nnd eo lirag as all Ibe auiaials and 
idanlB certainly produced by seleclive l)reed- 
log from II ccimniou i^tock arc fcrille, end 
Iheir prcseoy ate fertile wiih one anoliifcr, 
that, link will be wanting. For. so long, sc- 
lecliio.ljrcwling will net ba provfd lo bo 
comiM'tcnt lo d^i all Ibat is required of it to 
produto naUir.i! species, 

Iliiivu put Ibis concliiaion as atrcnglr as 
piispiLIu before ibc reader, because Ilie laet 
pofilion in wliicU I wish li)flnd myself is 
lliat of an advocate for Mr. Darwin's, or any 
other views — if by au iidvocato is meant onu 
wboEO liusiucss it Is to snioaili over real dilU- 
cullies, and to persuade where he cannot 



In justice til Mr. Darwin, however, it must 
bo aJmilled that the condilioua of fertilily 
and Bleiiliiy are very ill understood, and that 
every day's advance in knowledge lenila ua 
to tegatd Ibe hiatus In bis evidence as of Jess 
and less importance, when set against the 
multitude uf facts which hormonlKe with, or 
receive an explanation from, his doctrines. 

1 adopt Mr. Darwin's h}'pothcsis, Iberc- 
forc, subject to the ptodiiction of proof that 
physiological species may be produced by se- 
leclive breeding; just aa a physical philaso- 
iiher may accept the undulalory tbeory of 
iglit, Biitiject to the proof of Ibe existence of 
the bypolhttical elher ; or as the cbemist 
adopts Ibc atomic theory, subject to the 
proof of the existence of atoms ; and fdr ex- 
actly Hie same reasons, namely, iliat it bas 
on immense amount of prima facie proliabil- 
ily : Ibiil it is Ihc only means aL present 
witliiu leach of reducing tbe chaos of observ- 
ed fuels 10 order ; and, lastly, that it ia Iho 
iiiu^t poxvcrfu! iusliument of investigation 
which has been prescuted to naturalists aince 
Ibe iovcniion of the natural aystem of elaasi- 
flcalion and Ihc eoinmcnccmcnt of Uie sye- 
lematic Mudy of embryology. 

But even Icaviug Mr. Darwin's views 
aside. Hie whole uualogy of nalurnl opera- 
liouH furnishi'S so completa nnd rruabiug an 
argument against Ibo intervention of any but 
what are termed secondary causes, iu Ibu 
production uf all Hie phenomena of Ibo tmi- 
verse. that, in view of tho intiroale rvlnliooa 
between Man and Iho rest of Ihi; living 
world, and lielween the foiccs cierteil liy 
Ibe liiliir and all niher furces, I can see nii 
excuse for doubling that al! are cc-ordinaled 
Iciro.s of nature's gri;nt prcgtessiou, from Uie 
formless to Iho foimeii— from Ibu inorgatiit 
lo the ciganic— from blind force lo couseiou*. 
InlellecC and will. 

Science bas fulfilled her function wb 
bU3 iiKcifrSiiiued and enunciated trutli ; anil 
wKti! tht-N! pages addressed to men 
only, I slir^uiii now close (his Essay, Imowing 
tbiit iny colleagues have learned to respect 
u'dhing but uvidouce. and lo believe that 
Ibeir highest duty Ilea lu submitting 
however it may jar against theii inclinations., 

But desiring, us 1 do, to roacU the wideS; 
circk of the mlelligcnt public, it would Iw 
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onworDiy nowaniico were I to ignore the re- 
piiiTDaDL'e w'ltli which the mHjiirity of my 
rcRil.'rs nvc tilccly to meet Ihu aunclusiuMg la 
wliii'li ilio must careful and cuDacicntioua 
still ly I li.ivi; liana ahle Lo giro to this matter 

Oil iUl sides I ahBll bear the cry, " We ore 
men au.l vvDMiei]. nnd not a. diltc helter BOit 
of niu's. R iillle Inagcr in Hie le^. mare cnm- 
pucl !□ Ihe fool, and hig;^r m bruin thua 
yonr iir\ilnl Chimpiiozeesand Gorillas, Tlio 
power of linowldge— tile cimaoieiiue of gonil 
tini] evil— iliG pitiful tenderness of bum^o 
ali^ciioii-', laisuusnutof all real fulhmahip 
Willi tli[> UriUL'9, howeTor cloaely they may 
seem I'l iiiipmsimate us," 

To lliis I cuu only reply that tlie exolama- 
tlnn WDidil bu moat Jtist, and would biive my 
own entire sympathy, if it were only rele- 
vaot. But il is not I who seek to hose 
Kbu's (liijnity upon his great U>e, or Insiaiiate 
thai we are lust if an Ape has a hippucam- 
pu9 minur. On the contrary, I have done 
my bext to sweep nwjy Uils vanitv, I have 
endeavored In bIiow that no absolute alntc- 
lural lioe of demarcation, wider IJian Hint 
Wween the anlmnla wbicit Immediulely siiC' 
iiDud lis in the siraio, can be drawn between 
the nnlmal world and ourselves ; and I may 
add tlio espTcaainn of my belief lliat the at- 
tcm|)l lo draw a physical dislinctioii is 
GQiiuny tulile, and that even lliu liighest fac- 
uU1l>3 of feeling nnd of intellect be^in to gar- 
minate in lower forms of [ifc. At the same 
lime no one is TO-iTH strongly coUTinced than 
I am of the castooss of the gulf betweonclr- 
ilized man and the brutes ; or is more cot- 
tain that whelher//v7»i them or not, he ia as- 
suredly nnc qflbe\n. No unelslesa diapoaed 
to think lightly of the present dignity, or 



We are indeeii t<)ld liy those who assumo 
aulkorily in llie^e matters that the two seta 
of opiniijna are inerimpatible, and that the 
belief in the unity of origin of man and 
' brutes loTolTes the biiilnliz-Lition and degra- 
dation of tlio former. But is this reiilly ao t 
Could not a scosilile child (.'oofute. by obvi- 
ous aqrumenta, the shallow [hetorlcianB who 
would force this concluaiou upon ua 7 Is it 
indeed true that the Poet, nr the Philoxo- 
phor. or the Artiat whose geniua is the glory 
of liiu age. is degradt^d from hia higti estate 
by the undouUed historical probability, not 
III say ceilainty. that he is the direct descend- 
ant of some naked and iieetial saingc, whoso 
inleiligence was just sufflcient to make him 
B liitio mora cunning ilian the Fox. and by 
HO much more ituaj^erous than the Tiger 1 
Or ia he bound to howl and grovel ou all 
fours because of the wholly unquestionable 
fact that lie was once an egg, which no or- 
dmiiiy power of diacriminulion could dis- 
tiiigiii,li from that of a Dog? Or is ilie 
pluliiiulir^pifl or the waint lo givt- up Lis 
widtiiviJis tij lead u noble life litcuiise the 
simplest Hiiiily of man's nature mvenls. at iU 
foundiiliims, all tlie aellisli pasfious and fierce 
appotit(« of Ihe meust ijuadrupeil? !■ 



mother-love vllu because a hen shows it, or 

fidelity luiEc because dogs poawss It f 

The common -sense of tliemabsof mnnkiod 
will answer these iiin'Hliini!* witliunt u mo- 
ment's lies ilnl I on. lli'.ililit iiiiiii.iiiiiv, find- 
ing itself hard pre™ ih ' i-iii[iv Imui'iciil sin 
and degradation, will k'uvi- tlic iMi'tniiiig over 
Specuhitivc pollutiiiii to the cjnicH and the 
nghtous "overmuch." who, dihugrteing in 
everything else, uuitc Id blind insensibility 
to the nut^euesa of the visilile world, and ia 
Inabilily to appieciate the gmndeur of Iho 
place Man occupies therein. 

Nuy.more; thoughtful men, onceescaped 
from the blinding Influences of tradilloual 
prejudice, will flod in the lowly stock 
whence man has sprung the heat evidence 
of the splendor ol his cu]mciliea, and will 
discern in his long pritgruss through the Past 
a rcasonnbleground of faith in bis uttainincnt 
of a n abler Future. 

They will remember that ia comparing 
civilized man with tlic Ruimal world one is 
as Ihe Alpine traveller, who sees the moun- 
tains soaring into the aky, and can hardlv 
discern where the deep -sli ado wed criigs ana 
roseate peaks end, anil Avhero the clouds of 
lieaven bi'gin. Surely tlie awc-stJiicb voy- 
ager may bo excused if at flrst ho refiisefl to 
lielievo the geologist, who tells him Hurt 
these gloriinua maasea arc, after all, Ihe hard- 
ened mud of primeval seas, or the coofeC 
slag of Euhterranean furnaces — of one sub- 
stance with Ihe dullest clay, hut ralscil by in- 
ward forces to that place of proud and eecm- 
iugly inaccessible glory. 

But the geologist is right ; and duo relieo- 
tioD on his teachings, instead of diminishing 
our revnrence nnd our wonder, adda all the 
force of InlellecLual aublimily lo tho n'.ure 
lEsthctic intuition of tlie uains true led Ik- 

And after passion and prejudice have died 
away, the same result will attend the teach- 
ings of the naturalist rcapeciiug that gieat 
Alps and Andes of the living world — Mea. 
Ourrevereaceforthenobilityof manhooij win. 
not bo leaaeued by the knowledge that Uui 
ia, in substance and in structiiie. one with the 
brutes : for he alone possessca tlie marvellous 
endowment of intelligible and rational speech 
wburcby, la the secular period of his exist- 
ence, he has slowly accumulated nnd organ- 
ized the experience which is ulmnst wholly 
lost with ttie cessation of every individiiU' 
life in other animals ; so that now be sianda 
raised upon it as on a mountoin-lop, far abo vw 
Ihe level of his liumhie fellows, and Itansfig. 
ured from his grosser nature by reltcoling, 
here and there, a ray from theinflnite source 
of truth. 




LIICTUKB 
OP MAM AND THE APES, 

Up to theyear 1S57 all anatoioista of atilhor- 
jty, who hud occupied themselves with tlie 
cerebral structure of the Apes — Cuvier, 
Tiedemann, Sandifoit, Vrolik, Isidore G. Bt 
Hilaire, Bchroeder van der Koik, ISratiolut— 
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were agreed Ihni Ihe liraio of the Ape pos- lliii a ciniradiclion of tbe doclrinc 

acsses n poBTEKioa iobk. >.niiir^ wcll-informtd analomietB ; 

TkdemiUiD, ill 18S''>. li^iiri^ nnr] ui'kiinn!- uiiiiiiliiinlly. imagioiiig lliiit Ihe delihcratn'J 

eAged in ibe text oF bis " lunaes" ilie exist- siiiitintnia iif n respoDsible person miistbaTo 

CDRe of lUe F03TERI0H coRRU nf Ihe liileral .itMnu foiiaiiHiian iti fael, I deemed it my 

Tealilcle in Ihe Apes, cot unly under llie duly lo iovcBlignte ttie subject anew iKfoie 

title of " Bcrnbiculm parvus loin curnu pos- flic lime at n'liicb It would be my busiacss Id 

tcrioTia"- -a fncL wEiicb bas been paradi«) — Iccluie Ibereupon came icuod. The result 

butas"caiDU piisleiiiiB" (Iconrti, p. 54). a of mj- inquiries was to prove lliut Mr. Owen's 

circumstance wblch bna Ikvu 03 stduloualy Ibree asHcilioDS — Ibat "tbc tbird Icibe, the 

kept In tlie backgroimd. posterior horn of the lateral ventricle, and the 

Curier (Lc9ons, T. i:i. p. 103) says : " Tlie hippoenmpua minor," are " peculiar to the 

anterior or lateral Tent ricli'8 possess a digital genus Homo" — are contrary lo the plainest 



ity [posterior comu] only in Man oxd the fncis. I communicated this rnuclualon 

Apes. ... Its presence depends en that of tbe students of my clnss ; and Ibi.>D. ban „ 

the posterior lobes." nodesircto emlmikina controversy which 

Schroeder van der Kolk, and Vrolik, and could not redound to Ihe honor of British 

Grotiolet, bad also figured and described Ihe Bclcnce, whalever lU isiue, I lurmd to mm 

posterior cornu ia various Apts. Ai lo Iha congenial occupnllonn. 
Hippocampus mikor, Tiedemann bad tri'o- Tlie time speedil;^ arrived, liowi 

ncously asscjled its absenco in the Apes ; a peraietence in tlila rctit^cnce would Iist* 

but Schroeder vnu der Kolli and Vrolik had involved me in an nnwoitby paltering wiif 

pointed out liic cslslenco cf what Ihcy con- truth. 

liidertd a rudimenlary ono in the Chimpan- At Ihe meelincr of (he British Associuliol^ 

zee, and Gratlolct Lad cxprcBsIy affirmed ita at Oxfoid. in 1 HBO, Prof etsor Owen icpeateif* 

existence In these animals. Buch was Ihu tht-su n.vcillons in my presence, and of 

slate of our infoimation on these subjecis iu couise I immedialely ^veibfmaditecl and 

tbe yeiir 16S6. unqualified cuuirudirllon.pleilgin^ myself la 

luthcyear 1857,howcver, ProfessorOwea, justify tbfil uou)^int proceduro elsewliere. 

eilbcr in ignorance of theisc well-known facts 1 redeemed thiit pledge by publishing, in the 

or else unjustiSably suppressing Ihem. sub- January number of the Natural Hiaoty 

milled (o the Liniiiean Society a paper" On Jievieui for IMIil, an aiticle wliprein Ihe Ttuih 

llio CharHClers, Principles of Division, anrt of tbe three following propositions was fully 

Primary Groups of llie Class Mammalia," democ si rated. 

which was printed in Ihe Society's Journal, "1. That the third lobe is neither peculiar 

and eouluius tbe following passage: "In to nor characteristic of man, stwing that it 

Itan the brain presenlE an asceDsive step In exiits in all the higher quadriimana. 
developmeul, higher and more strongly murk' "S. That tbi>]iUHlerior cornu of tbe iBlenil 

ed than thalby which Ihepitcedingsub class ventricle is neither pwiuliar Id norcbniacler- 

was dtEtinguisbcd from the one below it. Islic of mRD. inasmuch as it also exists in 

Not only do tbecerebral hemispheres overlap the higher quadrumana. 
the olfactory lobes and cerebellum, but they ■■ 3. TiiHt tJie hippotamug minor ia nfiiher 

extend in advance of the one and farther peculiar lo nor characlenstic of man, as it 

bock Ihnn the other. Tbe posterior develop- is found ia certain of the hi^jlicr quadru- 

ment is somarki^d that analomisis have as- raana." 

eljiuecL In that part ihe character of a third FuTtliermore, Ihia paper contains the fol- 

iobe ; it is peculiar lo Ihe s^iiui Jlomo, and lowing paragraph. 

t^tu^ peculiar it the potior horn of thi " And, laitly, Boiicocder van der Kolli and 

biltnu tenlride and the " Mppocampua minsr" Vrolik {op. eit. p. 271), though Ihey parlicu- 

vhieA eharaelerix ila hirt^ lobe of eaeh hemi- larly note that ' tha lateral ventricle Is dls- 

^ert."— Journal rif ihe Prtieeedingi of tht tlnguished from that of Man by Ihe very de- 

Utmatm Soeietg, Vol. iL, p. IB. fcctive proportion* of the posterior cornu, 

Ab the essay in which this puesagc standi wherein only a slripe is visible as an indlca- 

liadiio.Iees ambitious an aim Iban Ihe re^ lion n( the hippocampus minor," yet Ibc 

modelling of the classificntion of llic Mam. Figure 4, ia their second plate, shows that 

malia, its author might iie f'ui'itf.'Sed lo hava this posterior cornu U a perfectly diallnct 

wiiiicD under a sense of peculiar responai- and unmislakable strunlure, quilc as largo 

hility, and lo have tested, with especial care, aa it often Is ia Man. II is the more remarfc- 

Ihe blalements he ventured to promulgate, able that I'rofessor Owen should hauo orer- 

And even if this be expecting too much, looked tlie explicit slalcment and flgura of 

husiln»3 or want of opportunity for due dc- these authors, as it is quite obrioua. tin com- 

libetalion cannot now be pleaded in exien- pnrison of llie flgurea, that liis wood-cut ol 

Itation of any sboiteomlngs ; for the propo- the brain of n Chimpaozea (I. c. p. 10) ia n 

lilions cited were repeated two years after- reduced copy of the second (i"ure of Messrs. 

ward in Ihe Reade Lecture, delivered before Schrai.'dcr van dur Kolk ancT Vrolik'a llttit 

MBiivca body as the University of Cam- plate. 
b^eC in 18G9. " As M. Oraliolet (1. c. p. 18). however, is 

When the osseitiona which I linvc ilali- careful to rtuiark, ' unforlunately the bniin 

dzed iu the above e:iti'act first came under which they have lakes as a modi'l was 

my nolice I was not a little asloiiisheil at so greatly altered (profondemeut allai3a*\. 
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■vIiencQ the general form of tbu brain is given 
in tliese pluies ia a manner which Is allo- 
gellinr iocarrect.' Indeed, it is perfectly ob- 
vious, from a eomparisoD of a section ol the 
skull ut the Chimpanzea with iliesc figures, 
thtit B\sch 19 llie cusc ; and It is greatly to be 
regrelteA that so inndcqnato ii fl:;iira should 
Uhvu been taken oa a typical rL'ptcacntution 
of tUc CUImpanzee's brain. " 

From this ttma forlh IIjb unicnBliility of 
his pitsition Tuiglit have been as Bpparent to 
Profeaaor Owen iia it was to every ono olae ; 
but, so far Froin ntractln^ the gravo errors 
into which liQ had fallen, Frofiissor Owen 
bos persisted in and n-iteratcd Ihera ; flntt, 
ia a lecture duUvercd bufgre tlio Royal Insli- 
tnllon on the lUlh of Jforch, ISfll. which is 
udmillud to huvu hL'un accurately ruprtxluccil 
in the Al/ienauin fur the 2dil of Iho satno 
moQth, in a lutttr addressed by Professitr 
Owen to that Jaumal on the HOlh of March. 
The Allieiiaam report was uccouipunieil by a 
diagram purporting to rcpruacnt ;i Goiillii's 
brain, but in reality sa extrauriHmiry a mU. 
representation that Professor Oiveu sultsian- 
tiillty. though not explicitly, withilran-^ U la 
the letter in qnoslion. la wmending lliiM 
error, however, Professor Owen feh iriti 
another of much graver Imp.irt. as his t<oi;i- 
mnnication concludes will! tlio fiilUiiving 
paragraph: "Fur the true propnrLinu in 
which the cerebnim cnrers the cerebellum 
in the highest Apes, referunee should be 
made to the figure of tile undissecteii braiu 
of the Chimpanzee in my ' Ki-ade's Lecture 
'n the ClaHsification. etc, of the Mammalia,' 



fortunately true, that this figure, to which 
the trusting public is referred, without ii 
word of qualiflcation, " for (he true propor- 
tion in which the cerebrum covers the cere- 
bellum in the highest Apes," is esaclly lliat 
uuHcknowl edged copy of Schroeder van der 
Koll: und Vrollli's tigure whose uller inac- 
curacy had been pointed out years before by 
Oraliolet. and liad Iwcn brought tn Professor 
Owea's knowledge by myself in Iho passage 
of my article in the Jfalarat liialory Setteio 
abofo qU'jii'ii. 

I drew public altention to this circum- 
Btnncc agiia in my reply to Professor Owen, 
published in the Athenaum fur April ISth, 
1801 ; hul Ihecxplodedhgure was reproduced 
once more Uy Professor Owen, wiUiout Iho 
slightest allufiion to its inaccuracy, in the 
Annal' of A'alural niilorj/ for June, 1801 I 

This proved too much for the pntlcnce of 
the original auihorn of the figure, Messrs. 
Bchroeiier van iIit Eolk nnd Vrolik, who, in 
a nule nddretwcd to the Aciidemy of Amsltr- 
dani, of which Ihey were memliers, declared 
themselves lo he, though ilecidcU opponeuls 
of all forms of the iluclriuu qf progreasivo 
deveiopineut, uh'jvu nil things lovers of 
truth : onil Unit, therefore, at whatever risfc 
of seeming to lend support to views which 
they dislikeil, they felt it thi'irdutyto take 
the first opportunity of publicly repudiating 
Professor Owen'? misuse of their authority. . 



In this note they frankly odmiLted tlio jus- 
tice of the criticisms of 31. Gruliolet, Quoted 
above, ftud they illustrated, by new anif care- 
ful figures, Uio posterior lobe, the posleiiiir 
corcu, anil tho hippocampus minor of the 
Orang. Furthermore, liaviog deraonslialed 
the parts, at ouu of Ihe tiiltiugs of the Acad' 
emy, they add, "la presence dcs parties con- 
tcstGes y a tlu nnivcrsellement n'conauo pur 
les amttomisles pr>'scnl3 £1 la senncc. L:i 
scut doutu qui soit resle se rnpporie na p<*« 
Hiiipocampi minor, ... A I'i-tat froiH 
I'indice du petit pied d'Hippocampo Ctiui 
plus pronnncti que maintenant " 

Professor Owen repeotcil hia crroiieous 
assertions at the meeting of Ihe Uritish Asso- 
ciation in 18CI, and again, without any obvi- 
Otis necessity, and without adducing a single 
new fact or new argument, or being able 
in any woy to meet Oie crushiog evidence 
from original (llGsections of num!:rous Apes' 
brains, which had in the mean while been 
brought forward by Professor Rollestoii,* 
P.R.S., Mr. Marshall, tF.RS.. Mr. Flowet. J 
Mr. Tnrner.g nnd myself, jrevived tho subject 
at tlie Cumbridge meeting of the Bame body 
in 1663. ?iot content with the tolenibly vig- 
orous repudiation which theseunprecedented 
Sroceedinga met wit'a in Section D, Professor 
wen sanctioned the publication of a ver- 
sion of his own statements, accompanied by 
a strange misrepresentation of mine (as may 
be seen by comparison of the 3V>ne«' report 
of the discussion), in the Jdedtcal Tivus for 
October lllh, 1862. I subjoin the conclu- 
sion of ray reply in the same journal for Oc- 
tober S^^th : 

" If this were a queslit - of opinion, or a 
question of inlcrprclaiic a of parts or of 
terms — were it even a qtiestioa of obsei'va- 
tiun, inwhieb ihu testimony of myowD senses 
done was pitted against lliat of auoCbcr per- 
son, I should adopt a very different lone ia 
discussing this matter. I siiould, in uU 
humility, admit the likelihood of liavinr- 
myseU erred in judgment, failed in Unowl- 
etlge, or been blinded by prejudice. 

"But no one pretends now that the contro- 
versy is one of terms or of opinions. Novel 
nnd devoid of authority as some of Professor 
Owen's proposed definitions may have been, 
lliey might beaccepted without changing tho 
great features of the cane. Hence, though 
special investigations into these inrtllera havv 
been undertaken during the la°t two yenn 



, anatomists of repute ii_ 

country, and by Professors Schruudcr ran 
der Kolk and Vrolik (whoa-, professor Owcu 



i or the Brait cf Iho Ornng. Nat. 
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Inrautiously tried to press into kii own ser- tciH fsacis of the cnee, nnd aa exaggeraUoD 
vice) on the Contiuent, all these able und con- of iliu concluBions fairly deilutiblo fmni 
BcientiouB obBervera have with one accord them, ure pointsotgraveimportance, but in- 
teMil!cd to the accuracy of ray slatemcnta, and to tho discussion of which I da not, at jires- 
to the utter baselessness of [he asaenions of ent, propose to enter. It is enough Ihut such 
Professor Owen. Even the venerable Rn- a view of the relaliona of eniuct lo llvin:: 
dolph Wagner, whom no man will accuse of bainjjs has been propounded, to le 
progrossional proclivities, has raisedliis voice inqmre. wiih anxieiy, Low far the ii 
oa the same side : whilu not a sinHii aiiai«- coverii'S of human remains in a fo«U state- J 
miat, great or small, 'las sup ported Prof essol bear out, or oppose, tfanc view. 
Owen. I shell conono niyseif, in dlicuaslDg this 

■' Now I do 20t mean to suggest (hat scicn- qliestioo, lo those fragmenliiry Human sliulla 
tific differences should l)efleiik^lbyuniveraal from the cnves of Eugis in. tho valley of tlie 
suffrage, but X do conceive liial sulid proofs Heusc, in Belgiiini. and of the NeiiDder*,]iii] 
must be met by something more limn empty near Dlisseldorf, Ihe geoliiglcnt relaliona t-f 
luid unsupported asfteitioiiis. Vtt during the which have been cxaminid wiih so much 
two years through which Ilii<i preposU^rous care b:^ Sir Charles Lyell upon whose high 
controversy haa^ilrai^ged its wiiirj- length, autliority 1 slinll take it fir granted llint the 
Professor Owen has not vcnliirt'il to bring Engis skull belonged to i cuntemporarj' of 
forward a single preparation in auppojt of the Mamraolh [Eteplioi ;itrimigenCia) nod (if 
Ms often-repeated assertiima. the woolly Hhinoceros {Rhinocerut tiehorhi' 

" The case slonde thus, therefore : Not ««*), wiih the bones of which it was found 
only are the statements made by me in con- associated : and that the Neanderthal skuil 
sonance with the doctrines of iiie best older is of gri^at, though uncejtain. antiquity. 
authorities, and with Ihose of ai! recent in- Whatever be Ihe ^fologicai age of the Inl'^r 
vestigatora, but I am quite ready to demon- altull, I conceive it is quite safe (on ilio ordi- 
Btrate them on the first monkey that cumos nar;- prineiples of paleoniologieal reasoning) 
to baud ; while Professor Owen's afserllons V> BBSime that the former lakes us to. h', 
are not only in diametriculi uppoaition to ieast. the further side of the vague bioiogirui 
both old and new autfaoritlep, but he baa limit wliicii separates the preai^ut geuiiigicul 
not produo-A, and, I will add. cannot pro- cpocli from that which immediiktely preeuUnd 
duce, R Bi;i^ preparation which justitlea it. Ani there can be no doubtlhatlhe phys- 
Ihem. " ical g?oi;rapiiy of Europe has ubiiuged 

I now leave this subject for the present. wonwTfully siuL'e the bones of Meu urid 
For tlie creditor mycaliiiig I sbuuld be glad Maffiiriolhs, Hyenas and Hhinucemses were 
to be, hereafter, forever silent upon it. But, washed pell-inull into tiio cave of Engia, 
unfortunately, ibis is a mailer upon which, 

after all that has occurred, no mistake or TheskuU from the cuveofEngis wasorig- 
confusiouof terms ispossible—andinafGrm- inally discovered by Professor Schmerling, 
ing that the posterior lobe, the posterior and wja described bv him, together with 
cornu, and tho hippocampus miuor exist in other human remains disinterred at the same 
certain Apes, I am stating either that wliicb time, in his valuabje work, " Hecherchcs sur 
la true or that which 1 must know to bo les ossemcns fossiles decouverts daus les 
false. The question has thus become one of caverneade la Province de Li6ge," publisliod 
personal yeraeily. Formyself, I will accept in 1833 (p. 59, eC teq.), from which the fol- 
.L,.- .■___.,.!_ ^. ._ -jjjig loiving paragraphs at - ■ ■ -■ 

expressions of the u 

possible, preserved ; 

"In the Hrst place I must remark that 

these human remains, which are in my pos- 
IHAVB endeavored lo show, inlhepreced- session, are characteriKod, like the thousands 
ing essay, that Ihe Anthkopiki, or Man of bones whicli I have lately been disinter- 
Famll^, form a very well defined group of ring, by the exieot of the decomposition 
the Primates, between which and the imme- which they have undergone, which is pre- 
diately following Family, the CATAHHiKr, cisely the same as that ofthe extinct species : 
there is, in the existing world. Ihe same en- nH, with a few exceptions, are hrolien ; some 
tire absence of any transitiDnnl form or con- few are roundeJ, as is frequeiilly found to he 
necting link, as between the CATAiiniKi and the case in fossil remains of other species. 
PlATYUHrai. rpj^g ffnttures are vertieal or oblique ; none 

It is a commonly received doctrine, how- of n,em are eroded; their color does not 
wet, that the struclura! intervals between differ from that of olUiir fossil btinef, and 
the various existing modifications of organic varies from wldtish yellow to bhieltish. All 
hchigBmayliediminishedorevenobliterated, ^re lightoc llian recent bones, with the ex- 
it we take into account the long and varied ceptlon of tliose which havo a calenreous in- 
■ucceesinn of oniniuls and plants which have crustation, and the cavities of which are 
weeedcd those now living, nod which are gr,ed with such matter. 

I Suiown to us only by their fossiliyed remains. "The cranium which I have caused '" '"" 
, How far this dociriue is well based, how fimred, Plate I. Figs. 1, 2. is Ihut of i 
far. on Ihe other hand, as our knonled^i; at person. The sutures anj beginning 
preaent Blands, it is an overslolcE-,cnt of the effaced : all the facial bones " - 




EVIDENCB AS TO MAN'S PIACE IN NATURE. 



■nd of the temporn! bones only n fragment 
of llint of Ibe riglil side h ]irc»urreil. 

"TliQ iace sod thcbase of llie cranium Imil 
been detached before the skull was rlcpu-sitcd 
In the caVG, for n'c wore unnble to And ibose 
pttrts though tlie whole csvem was rcgiilitr. 
ly seiirchBd. The cranium wns met wiili at 
ft depth of a metre and a half [five feet neat- 
ly], hiddea under un osseous hrecela. com- 
pi^d of the remains of smail animals, niid 
contjiiaing one rhinoceros tu^^k, with sev- 
eral teeth of horses and of rnminnnis. This 
breccia, which has been spoken of above (p. 
81). was a metre [3i feet about] wide, and rose 
to the helglit of a metre and a half above the 
floor of the cavern, lo the walls of which it 
adhered Gtrongly. 

"The earth which contained this, human 
skull txhibited GO IrucedfdislurliHnce : teeth 
of rhinoceros, horse, hycua, and bear, sur- 
rounded it on all sides. 

■'The famous Biumenbncb* has directed 
nllonlion to the diffeicncrs presented by the 
form and tlie dimonaionB of husmin crania of 
different races. This iniporlaut work would 
bave oasisled us greatly if the face, a part 



*■ Wo a") coni'inccd that even if Iho skull 
iod been oorapleic, it would not have been 
possible to pronounce, with ccitainty, upon 
8 single specimen ; for Individual vanalions 
«re.s(i numerous in the crania of fine aad Uic 
without laying 



one's Bell open lo largo clitun.-efiot mur. fimv 
any inference from a iiiii)rle fragment of s 
cranium lo the general form of Ilie headtc 
which it b^ili)Ug^. 

" Nevertheless, in order loneglpct no poM 
respecting the form of this fossil skull, wo 
may observe that, from [he first, the elon- 
gated and narrow form of the forehead at- 
tracted our attention. 

" In fact, the slight elevation of the frontal, 
Its narrowness, and the form of the orbit, 
approximate it more nearly to the craruuia 
n( an Klhiopian than to tiial of an Eiiro' 
peAQ : tile elongated form and the prodnued 
occiput are also characters whifh we *■-> 
lievu to lie observ^Lble in our fossil cranium : 
hut to remove all doubt upon that subject I 
have caiisod the ennlours of the cranium ol 
an European and of nn Ethiopian to be drawn 
and the foreheads represented. Plate II., 
Figs. 1 and 2, and, in the same plate. Figs, a 
and 4, will render the differences easily di» 
linguii?habie i and a single glance at the fig- 
ures wili bo more instructive than a long 
and wearisome description, 

"At whateverconclusionwe may arrive u 
to the origin of the man from whence this 
fossil skui; proceeded, we mny express an 
opinion without exposing ourselves lo n fruit- 
lesi controversy. Each may iidnpt the liy- 
pothesis which seems to hini most probable ■ 




a m -The nkull from the ciiVB of Engis—viewed from tho right aide. One hitf the ^ ^ 
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tor iin' ovTn jmrt, I liold it lo bo iiMiinn- 
Etniii'tl tlmt tliia cranium liui U'li mired lu n 
prrson <i( limited intellertual I'aeohlee. uml 
vo coucludB lUenca Ib&L it belonged tn a mau 
of a low degree of ciciliKatlon ; a deductiou 
wbisli is borne out lij contrHBtiDg tile capaC' 
ity of tlie Iranral icith that oF lliB occipital 

" Aiiotlmr creaiuin of a voud? individual 
WBB discovered in tlm IliKiroCthe cavern be- 
aide the looth of hu eli-plmnt ; the stall wns 
entire wlieo found, but ihe moment It was 
lift«ditXelliuto|ii«ee8, which 1 have not, as 

Jet, bt^n ablti u> ]iut [.)gi?tUei- ngaln. But I 
art) re{ Ti'tit-nted the lH>rira of th» upper javr, 
Plate I.. Fig. 5. ThcHtftteofthealvenliand 
ttie terth hIiowj tlint the molars liBi! not jt^t 
pierci-d tiii^guui. UetHched iiiiik molnrsand 
Home IrBginunis of a Unman hIiuII proceed 
from this same plHce. Tbt< Fi);ure U re|>re- 
MuiB »■ liuioBn eiiprrior iDC'^or touih, ihti 
Biie oCnhich is inilf remurkuiile. 

" Fifcure 4 IH a Imirmentof autiperior irax- 
llUry bone, ;I)b uu'lnr leatii of wliiuli are 
worn down to lae r'>oli<. 

"I possess lwi> vertebra', n Grst nod last 

- Aclavicle of Ihe left »ldii (tvo Plate III , 
Fie. I): Hltbou'^h it bulonueil tna Tiiuakr in- 
dividual, this b»ue shuvvB ibut he wuii have 
been nf great otaturi-. 

"Tivii frafimfnlsoftho raiJiUB, liaillj- prs- 
•erved, do nut indirarw i Imt ilm liplght nf the 
insn, to whom they bu ongfd, cxct-eded Svb 
feel and a half. 

"As to the remaioHof the upper extremities, 
those wbii:h riri; in my iHiBacBSmn coUMSt 
merel? of a fmgnifnt iif im uiou and uf a 
iadiuB(Platelll..FiirH.5auJG}. - 

"Figures, Plum IV., r'-pr^suuiaainrtRcnr- 
pal hone, contained in ibn brFc<'ia, of ivhieli 
we have spoki-u ; it wus (ouiid lu tbn liiwt-r 
port above tUa cranium: add to tliiti some 
metacarpal bnnes fnuud at very dilTert-nt 
. distances, iialfadiiZ'nmelatnrsals, three iilia- 
laagen ot the Imnd nnd nne oF ilie r«oT. 

" This ia a brief i-niimerHt ion <il'I lie ii-mainii 
of human bones collected iii ihe cnvera of 
Eii|[i8, wldcli has preaervMl tor ua iIim r«- 
maliiB of tbr<-e individuals currounded by 
those of tha Elephant. tiftlieltliiuoo-r.iB.aud 
ofCarnivora of speelea utiknown in llie preo- 
enl creation." 

From the cave of Engiliou], oppoalie that 
of Eogis, ou the riuht hank i>f ilie Mnuse, 
Bekmerling oblained the remains of ibn-e 
other individuals of Mau, aiiionfr wliich weri 
only two frag'menli' of parietal iHineH, hut 
many honcsof the eLtrvmities. In one CHse 
B broken f raLrnient of an n!nn wan mtdered t/i 
A like fra);i'ient ofa rndias by Btaliigmile. a 
condition frequently oliservt^d omoui; (he 
i bones of the Cave Bear ( Urtua tpelatia). found 
lo the Bel|;ian caverns. 

It wss in Ibe casirn of Engin that I'rofps- 

ir Sehmprling lound. incrusted with suiluj!- 

, 3ite and joined to n ttaio, the pointed bone 

SiDplemeDt. which he has iigare>l in Fik. 7of 

. Urn Plate X5XVI,. aud worked Uinis were 

ind by him in all tbosB Bcluiuu catvs, 



ahundanco of foas' 



A siion letter fmm M. <leoitroy St. Hilaire, 
published in the "Comples ilendns of rhit 
Academy of BciencM of Paris" for July 2d, 
163S, speaks of a visit (and apparently u 
very hasty one) (laid to the cnlleiitian of Pro- 
fessor " Bi'hermidt" (which is presumably a 
misprint for SohmerllnE) atLiSge. The wri- 
ter brietly criiiuif^ea the drawinra which 
illustrate Schmerlini;'" work. an(l afBrma 
that the "human cranium is n Utile loufr- 
or than it ia leprtgtnted" in Schiner- 
ling'a fijriiro. Tiie ■■nly other remork 
wonb quilting is ihis: "The a~pecc of the 
human bones differs little from that of the 
cave hones, with ivhich »e are I'amilhtf, 
and of which tliero ia a cotisMemble collec- 
tion in the Mtno plnce. With respect lo 
their Biwcial fiitms. coiii|'areil with lliose of 

tain coitehisions can bi- put trirwurd; for 
uiucli grntter difiereiu-eH ciirt betweeu the 
iiiff«rent specitnennof weli-pharaiiterlKed vo. 
riulies, ihiin betnetn the fuefil cmniuiii of 
Lif)(e, and that ofoue of those varieties seltct- 
ed UK a term of conipntii-on." 

(JeofFroy St. Hiliiire'd leiiiarlia arp. it will 
be observed, litt!i' li'it an fclio of the pliilo- 
tophic doubts of til'- iii>seiilHT»nft discoverer 
"f the renialnN. An In tii'- rrilique uiioti 
Schmerliug's (liruren, I fitid Hint the side 
view given hviba Utter ia reallv nlmutiVhs 
of HU inchxlioriertliaii tlieorigitial, mid i hat 
tite frjnt view ia diminisbeiL vi nl out the 
i-ame extent. Olhertviiie tlie r^r<-si 



, but t 



sponds ver.v well w'ith the cast which is to 



A pifcn of llm orcipilnl bone, whioll 
Bcbinertinc fieema in have miei<ed, haa iinee 
b'-en filte'l ou to the trft at the cranium by 
an Bccoiiipliahed anainmlst. Dr. Spring o( 
Liege, under whoiw direction an eseellttnt 
plseter cast was ninde for Sir Charint Lyell. 
It ii upon and from n diiplicHiH of Ihut — 
that my own observalionx and Tlie act 
piin]'in<; Qgurcs, the out lines of nliich anj 
copied from the Very accurate cHniera. lacidi 
diawio^s by my friend Mr. Buah. redi 
lo otie half of the natural sixe, are iiiarje. 

As Proftfeor Schmerling observes, thebaic 
of the skitti ia destroyed, and the facial bonea 
are entirely iibaeot ; but I ho roof of tliH 
nium. consisting of the frontal, parietal, and 
Ibe creaier part of the ocripital bones, as far 
UK the middle of the nccipitiil foramen, is en- 
tire, or nearly sn. Tlie left teiniiorBl bona is 
ivantlng. Of the right temporal, the parts in 
iinmedlntu neighborhood of the audi 
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erable portion of tho fqnnmoue 

the temporal, are well preserved (Fiff, £ .,. 

The linen of fracture which remain he. 
tween tlie coadjusted pieces ot tlie. skull, and 
are fiLTihfuIlr disphiyei! in Sebmerting's fig- 
ure, ere readily iraceahle in the coat. The 
Biilures are also discernible, hut the cnmptei 
ilisposition of their serrations, shown In tba 
Egure, is not obvioua in the cast. ThougbJ 
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the riilges nlilcli give aUaclimf dL [ti iiiuin^leR bock of llio bIcuII. wlilcb Hcscribi'S .1 liilcraDiy 

nre not i'Xi.'i;s»ivcly prnmiovtit, Ihcy arc well regiilar etliplical cnrvi;. 

matkod. nud luken togelher wilb llie nppar- Tiie fronl view (Fig. 23 B) alimvs Hint Ihe 

ij j,^pj p£ ^|jg gjj^j] ij,^^ ^^^^ u'j^'uliiily iiml ele- 

ga ily nrclied in the transsiTBi-iliiiTiicio. and 

tlic transvurse diameiiT wm u Utile li-sa 

be ow ilie parielitl protuberuiices iIihh abnvr 

m. The rorcliuail raoinit bo calltd Dar- 

w in ti'lniloD to (be i-esi of (he skull, noi 

ca it be cnllcil u tetreiUina fuieliend ; nn Ibe 

CO tTury. the 11 n I ltu- posterior cootimr of the 

k II is w[!ll HrcliLiI, 90 ilint tbo d1)>liiiu« 

ng tbiil conlour, from llio iiai-ul dcpto* 

n [o tliQoccipliHl prntuberance. in[:iuiiirea 

bout 18.75 iDclies. The tr>tn9TM^ htc uf 

ekull, iiiL-HNurtKl from nnu unditory furv- 

m n to thii otiier, ucti>!« Ihe luliliilu of lUe 

enj^tlul KUIuie, is iibniit 19 tDcbes. Tlie 

BS lliil siilure ilsc'lf is G.O Inches long. 

Tliu aiipniciliaiy pn^iniiifni'Fs or httyw- 

n ges (oil each side of a. Fie. 23) are well, 

not excessively, devtlopvil, uud are sepa- 

ra cd by a median dopreHsiun. Tlielr princl- 

clcvulloD is ilisposed so obliquely llul I 

ae Uicm to be due in larjK fmnlnl firnuBCfi. 

E a liue Juininj; Ihe glaliella and Ike 

oc ipilal pruliibeiiinCH (a, b. Fig. 22) be 

m lie boriznntul. no part of ibc occipital re- 

Rl n projecta moie tbUD tV' <*'' ^'^ '"^ t*^ 

i tbe poslt-rior extiemily of Ibat liue, and 

upper edge of Ihe nudiiory foramen (c) is 

olmusl in contiiia with a line diavn parallel 

W li tiiij upon tbe ouler snrfim at Lbe sfculL 

\ transverse line druwn fiom one sudilorjr 

imen to Ihe otIiLT IravciHta. as usiial. the 

:purl ii{ tliH ocetpltal foramen. The ut- 

ily of llie inlonor of Ibis trsgrni'maty 

11 has not lH.'en asCLTliilmnl. 

Tbe history iif Ihe Hnman remnlnH froie 

cnreni in llie Neundtithnj may hvsi be 

(n en in Ihe words uf Ibcir oriuinal de. 

bcr. Dt. BchuatlliauBeii, as Irauiilaled by 

H Busk : 

' In tliu early part of the year 18S? a bu- 
rn n skeleton wna illscnvercd in a limestone 
e in the NeHndetilial. near Hoclidal, Ite. 
cen DilBseldrirt and Ellwirelil. Of Ibis, 
weter. I whs iinuble to pruciiru more llian 
laster cast of llii> cniniiim. raken nt Ellier' 
d, from nhich I drew up an aceou&t of tia 
reraarkabia ccnforinaiioii. which was, is the 
t iuElancc, reuil on Ibe 4tb of February, 
a T, at lbe meetine of the Lower Rhine Med. 
1 and NuiuihI HUlury Sot-ieiy, at Bonn. 
H isequently Dr. Fublioll, 10 wliom BCiBnui 
indebled tor Ibe pri'servalion of the«e 
ni's, wUicli <!rcru nut at Di»-l ifgarded H 
man, and into wbuae pucsessioc Ibey ttf 
ward cumi', hniiiirhl the cranium frotl- 
E lerfcid to Bonn, and inliutled it lu me iof 
more uccurulu iiniiloiukal cxauiinRtlon, 
A the Gfuerid Meclin-; of Ibe Nnlural Hl»- 
Ifl y Society uf Prusainn Rbineland and 
Wealpbalia nt Bimn, on lbe 2d uf JulM, 
57, Dr. Fulilrott himself gave a fall al^•i 
unt of [belocalily HDiInf the circumaluE 
der which tbe disenvery was made, 
a of opioiuD lliut Ihe bones might be le. 
^ Kaided as foasil ; and in cumiu£ to this c^~ 
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elusion lie Inid ^special Etiess upnn (be es- 
iatencc «T itiodiiiic deposits, wiili wbich 
Jlieir BUirate was covered, nnd which were 
first noliced upon lliem by Profeasor Mayer. 
To Ibis commuDlcHlion I appended a brief 
report ou the results of my anatomical exam- 
inuliOQ of the bones. The coccluEioiis at 
which I arrived were : let. Tliut the eilia- 
onlinary form of the skull was due to a natu- 
ral con formation hitherto net known to ex- 
ist, even in the most barbarous races. 
Sd. Tbat these remarkable human vemaiDS 
belonged to a period Hnlecrdcnt to the lime 
fit iUe Cells and Gerra»ns, and wetc in ill 
IiTobabititj dcrivtd from one of ilie wila 
laeea of Notth-weslern Europe, spoken of by 
Lfttin wiilers ; and which were eBCOimlered 
as autochthones by the German immigrants. 
And Sdly. That it was l^jond doubt that 
these human relics were truceable to a period 
at which the latest animnls or ihedihivium 
Mill existed ; but iLnt no proof of Ibis as- 
simiplion, nor cnnsiQiitnlly ol their so- 
tetmed /rWM'i coiiditiou, was uilorded by the 
clrciunslances under which the bones were 
diEcovcred. 

"As Dr. Fuhlrott baa nolyet puhlishcohls 
(loGcripiioD of ihese ciieumslances, 1 lion'ow 
the following account of Ihem from one of 
Lis Icllcie: 'A tmail eavc or crullo, high 
eoough lo admit a mat), and about 15 feet 
deep frnm the enlrunce, which is 7 or B feet 
wide, exists in the souibein wall of the gorge 
of Itae Nesnderlbul. as it is termed, at a die- 
Unco of about 10 feet frcni the DUssel, and 
about GO feet cbnve the liutlom of ilie valley. 
In lis earlier and uniujuied condition, this 
Cftvern opined upon a ubiiow plateau lying 
in front of it. and from u hith Ilie rocky wall 
descended almost perpendiculaily into the 
river. It could bi' ifnclied, lliuugli Willi 
dilGcul'.y, from atnivc. llie uneven floor 
WHS covered to a IhiekneEs of 4 or 5 feet with 
ft deposit of mud, sparingly intermixed with 
rounded fragmentsof chert. Inthecimov- 
ing of Ibis deposit the bones weje dlscov- 
tired. The skull van flist noticed, pli 
neuivst to the enlrance of (he cavein : and 
farther in, the other l)one3. lying iu the xame 
boTisoDlol piano. Of Ihis *1 was ai'sured in 
the most poaitiTO terms by two laloreis who 
were employed to clear out the griillo, and 
who were questioned by me on the spot. At 
first no idea was enttrljiined of Ihu bones be- 
ing human ; and it WHS nut till ie vera I weeks 
after tlicir discovery Ihst lliey were ri'cog- 
laT,rd as such by me, mid placed in seciirlij'. 
Bat HS the importance of the discovery wa^ 
not ut the ilinc perceived, the tabovciswein 
very cureless in the colltcling, and secured 
cbiefly only the liirger boius ; and lo Ibis eir- 
cnmstanee it muy be nitribuled that [rajimenls 
nwrelyof the prolnibly perfect skeleton 
islo my poKSi-Bsinn.' 

" My anuiomieul cTamlualion of these 
bOBM tiffoided Ihu following results : 

"The cranium isof unusual size, nod of a 
Inng clIiDlicul form. A moat remurkoble 
peculiarity is ut oncL' obvious in ilii! 
clliaiy development of the frontal 



owing to wlilch the superciliary riilges, 
which coalesce completely in the middle, are 
rendered so proniment that the frontal bone 
exhibits a considerable hollow or depression 
above or rather behind them, while a deep 
depression is also formed in the situatiou of 
the root of the nose. The forehead is nar. 
row and low, though the middle and hinder 
portions of the cranial arch nic well devel- 
oped. Unfortunately, the fragnniil of the 
skull that has been preserved consists only of 
the portion situated above the roof of the or- 
bits an.i the superior occipital ridges, which 
are greatly developed, and almost oonjoioed 
so us to form a horizontal croinence. It in 
cludps almost the whole of the frooiul bone, 
both parielala, a small part of the squamous 
and the upper third or the occipital. The 
recently fractured surfaces show that liiit 
skull was broken at the time of its disinler- 
ment. Tho cavity holds lfl,87G groins of wa- 
ter, whence its cubical eouteots muv be esti- 
mated at 57.04 inehes. or 103!J.24 ei 
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ter is supposed tu stand on u leval wllh Ihu 
orbital plate of the frontal, with Ibe deepest 
notch iu llie squataous margin of the paiie- 
tal, and wllh the supciior semicircular ridges 
of the occipital. Intimated In d"icd millet- 
sued, the content? etiuulied dl ounces, Prus- 
sian apnlliei^iriea' weight. Thn semicircu- 
lar line indicating llio upper iKiuudary of the 
attachment of luu temporal muscle, though 
not very strongly m irked, ascends neverthe- 
less tu more than half (he height t<t the rjarie- 
tal bone. Un the right stiperciliary ria^o Is 
observable aa oblique furrow or depression, 
indicative of no. Injury leccived during life* 
The eoronaj iind sagittal sutures arc on the 
cztcriur nearly cioaeu. and un the inside so 
completely ossmcd as to have left no traces 
ivbatever, while the laiiilKluidak remains 
(Itiite opeu. Ttie depressions for the PacchU 
ouiau glands aro d^ and numerous ; and 
tlipre is an unusually deep vascular groove 
imniedialolj buliiud the coronal siitur- 
whlch, Hi it teruilnaiea in u foramen, i 
doubt trunsiniHed a rena emmiirki. Tl 
course of the fioulul suture ia indiiiiiled e. 
Lerually by a slight lii)^ ; and where it jni: 
llie comnal this ridge riaia into a sriiull pr 
tutiemnee. Tlie course of the sagittal sulii 
U gro.ived, imil above the angle of the wxiff- 
ilaj bono the [uiriclaU are depressed. 
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point ootbo oppo"ilp 104 ai4)=4-l''— 1.0" 

na^ pnjce^ U> lUe ^uronul 

Eitninn width of Ills rionlal 

liniirtB .25 tlB)=1.0"-i).0" 

VciUcai lioigUi abovs ■ Una 

lolmniflhB il«i^pe»t nolcliBS 

tJi« psrieutK 70 cS'Tj" 

. from one purielnl iiRjIubCr- 
aoeetuihtf i.ltitr las (Ili01=B»"-li[l" 

■|[ Dm oia.']piIiil lu inn >u|w- 

Thloknemol the tioiie at the 

pBrbtal pratubcnmce B 

iStakOBM U Itaa Bugle of the 

occipilol a 

ThtckuHH ot tho rniiLTior Hml> 

Diicaliu IluD Df the occipital 10 =0.3" 

"Besiilea Ibe cninlum, the foil aw in;; bones 
liBTfl been Gecured ; 

"I. Botbthigh-!)OneB, perfect. These, like 
the skull und all llio other bones, are cbsrac- 
lerizcd by their unuaunl Iliickr.esB. uud tho 
grent ilcvelopraent of alt the eleviiliona and 
depressions for the attachment of muscles. 
In liic Aaatomical Museum at Bonn, under 
the dcHieunlion of ' Giiint's liOQCS,'aro some 
recent Uiigh-boncB, with which in ihickncss 
Ibe fiiregoing preliy tieurly correspond, al- 
though tliey are Bliorter. 



Lencth Wi=2|. 4" ....«8=17.4" 

lllimMerorbdnduf rsmuT, H= 3-W .... 63- £.0° 
Dlameler uf lower anlcnlsT 

("e'othw *... . 80= 3-5" ... ST=3.1" 

Dluneier ot rsmnr In the 
iniddlo aa= 1-3" .... J0=l-1" 

"2. A perfect TiKht humerus, whose size 
shows that It belongs to the tiiigli-bones. 

Longlh 818=12-3" 

Thielincai in lUu Eiadle a= 10" 

Diameler of hi'nd 4fl= Id" 

" Also perfect lijht radius of correapond- 
ini; dimensiuuB, and tliu upper tldrd of a 
right ulna concspoiidtag to Ihu humerus »ud 
radius. 

" 3. A left homerus, uf wliicli the upper 
third is wuutiug, end which Is so muuh slen- 
derer than the right as apparenlly lo belong 
to a distinct iDdivlduai ; n. left wtia, which, 
though complete, is pniholngically defurmed. 
the coronoid process being so much enlarged 
bjbony gniwlU Ihat Hexiire of tlie elbow be- 
yond a right angle must liaie been impossi. 
ble ; the unlerinr fnssa of the humerus for 
the reception ot the coronoid process being 
•1*0 filled up with a similar bony growth. 
At the sumo time Ihc olccrunoD is curved 
strongly dowiimurd. As (he bono presents 
BO sign of mchilLc ilegcncratlon, it miiy l)0 
BUppo^d that an injury sualoined duiini; life 
was tho cause of Iho ancliylosis. Whi;u tho 
left ulna is compared with 11 lo right radi'.u>, 
it might nt first sight be concluded lliut Ihc 
bones ryspccl;V'.:ly belonged lo different indi- 
viduals, the ulaa being more liiau half nn 
inch too short for articuiuliun with it curre- 



Bpoudlng radiuB. But it Is clear thai IhU 
stiorlening, as well aa the atleuuatiim vt Iha 
left humerus, are l>alh coniicquunt upon th^ 
pathologicitl nondilioQ ubovo ilescribcd. 

" 4. A lelt itium, almost perfect, and belon;; 
ing to the femur ; a fragment of tho rJslit 
laipula; the anterior extremity of a rib of 
the right elde ; and tiic same part of a tih of 
tho loft aide ; Iho hinder part of a rib of the 
Tight side : tud, lastly, two hinder portions 
and one middle porlioD of ribs, which, from 
llii'ir unusually rounded shape and abrupt 
tiKialure. more resemble the ribs of a car- 
nii'orous animal IhanlhoFCof aman. Dr. II.t. 
Sliyer. however, to whuaejudgment I defer, 
will not venture to declaru Ibem lo be tIIh of 
liny animal ; and it only remains to supposn 
thai this abnormal condition has nriseu from 
an unusually powerful development of tho 
thoracie muscles. 

" The bones adhere strongly lotho tongue, 
allhoiiigh. as proved by the use of hydrochlo- 
ric acid, tlje greater part of the cartilugs is 
still retained in Iheni, which appears, bow- 
ever, to liavu undergone that transformation 
into gelatine which has been observed |jy v. 
Bibra in fossil bones. Tlie surface ot nlf tho 
bones is in many spots covered witli minute 
hiOckspecks, which, more especially undera 
lens, are seen lo be formed uf very delicate 
dendriiai. These deposits, whicli were flrst 
observeil on the bones liy Dr. Mayer, are 
most distinct on the iuner surface of Uie 
cranial twnus. They e.insist of u femisrl- 
nous compound, and, from tiieir liludc color, 
may bo supposed lo contain mangSDCse. 
Similar dendritic formations also occur, not 
unfrequeally, on liiminau-d rocks, and are 
usually found in niinule Assures aud crocka. 
At the meeting of tijo Lower Rhine Sooiety 
al Bono, on the 1st of' April, ISCil, Professor 
Mayer slated that be had .loiited In Ihc ma 
seu'm of PuppelsJorf similar dendrilic crys- 
tallizations on several fo^ssil bones of ani- 
mals, and paitlcidarly on lltose of Urtiu 
itpeUtTti, hut still more abundantly and beau- 
tifully displayed on the fossil bones and 
teeth ot Bquuii adamiticua, EUpkaa primed- 
niui, etc., Irom the caves of Uolvc and Sund- 
wig. Paint indicallonB of similar dendrtlel 
were visible in a Roman skull from tileg- 
burg ; while other ancient skulls, whictt 
had lain for centuries in ihe earth, presented 
no trace of them. I am ludebied lo H. v. 
Meyer for the following ii-marks on thil 
Bubjctt : 

'" 'The incipient (ormation of dendrilic de. 
posits, which were formerly ri^iided as a 
sign of a truly fossil coniiiiion, Ik inle'iestlng. 
It lias even been supposed that in diluvial d». 
posits thu presence of deTtdritea might lie re- 
garded aa aftording a certain murk of dis- 
tinction between bones miKPd wilh the dila* 
vium Ht a somewhat later period and Ihe troe 
diluvial relics, to which alone it was sup- 

foscd that these deposits were conllned. But 
have long been convinced that neither 
can the absence of lUndnlea bo regarded 
as indiculive of recent age, nor their pres- 
ence aa sufficient to Cbtublish the great an- 
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tiqnity of lUe ol>](!Cta upnn wLith llie.i' or- wliile, acoordinjr to Morton, in Ibe llat- 
cur. I liavu inyBeK imticcil upuu |.aij«r, beads of the Oolumliia, Ihe frjntal and pari- 
which could ecorcEly be [miro llmii nyiar etal liones ata alwiiys unsymmelriiail. XfB 
old, dendritic lieposits. wUkli rmilil not bo oouformaiioii esUiljlta llie Birariog develop- 
-tliadnffuiahccl frcm those on f.>khil bonca. mnnl of Uie nnterior part of Ihc btad \virL::h 
Thus! posacsa n dog's ekuU fioni llif Human has been bo nflen obserTetl io very nut icut 
colony of the neighboring Ileddert-heiui. Ctis- crania, and iiffurds one of the moai stiiking 
trum Jladrianitni, whir.b in 111 uo ^riiy Uiiitin- pioofH of Ihe iuHucnce of ciiliure luiil civir 
Euiahable from the fosall hones from the izatioa on the form of lUo hiiiniin skull." 
FiankiBh cares ; it pTcscnlx ilic Bnme color. In a Hubstrqni^nt i>UHsage, Dr. Hhunlfhau 
iLod lulhercB to the tongue jusi ua Ihey do ; sen remarks : 

so Ihat litis character also, which, at a for- " Tlim-e i« no reason whulever for refjard- 
meruiceting of Oetmaa caluialiKls at Bonn, In^ the uiiid^iiuI licvelupniuit ot the Iioutal 
RaTQ rise lo amusing geuncH helwtcn Buck- slnuaes in the remmknlilii skull from the 
land and SchmcrliDg. i" no louger of any Neandr-rlhal as an individual of pnlholoc-lcal 
vnltic. Id [lispulcd tasics. theri'fiiie, the con- deformity; It is uoqu est inn ably a Ijpical 
dition of llio bono can scatctly afford the raco-ehursetcr. and is physiologitally ooti- 
meuna for detcrminins wilh certainty neclwi willi IheunciiDimon thickness of tlie 
whether it be fosBil, that ia to say, whether other boui's of the skeleton, wbli'li exceeds 
it belong to ^solop'^i'I antiquity or to tha by alinul onu half the usual proportions. 
Iiistorieal period.' I^is cxpiinsion of the frontal sinuses, wliich 

■' AswecBDoolnow look upon Iheprimltive are appendBges oflUe air-passages, also indi- 
world as reprcaonling a wholly dillerc-ul cun- cates an unusual forcfi and power oi eoiln- 
dition of things, from -which no tiiiQ^ilioa ranee tn the miivementa of the body, as may 
exists to the ocganic Ufa of Ibe prtacui time, be concluded from the size of all the ndgee 
the deaignatiott of fostil as applifd lo a bone and processes for the nllachment of the n\xa~ 
has no longer Ihn sense it conveyed In tlie cles or honps. That this concilia ion niny ^o 
llmaofCuvier. Siiffl ci en t grounda exist for drawn from the existence of h\rgn frontal 
the assumption that man coexisted with the Fdnusef. and h prominence of the lower fron- 
animals found 1u the ff(2tiD(unij' and manjf a tal region, is confirmed in many ways by 
barbarous race may, befoie all liisiorical other olipcrvftii'ini. By Hir" Rame cbaractFrs, 
lime, have disappeared logelher wilh the ac^rlTj <■' P:ill'i = , tlie w>'.l hnrw is dislin- 
animols of the ancient world, while the gm-i: ■. ii... ui"' .'..■:,,-■■.,', ,| nnrl. fipcird- 
rocea whose organiznlit-n ia improved have inr . .■ ■ .u I'l oio Lncry 

continued the genus ' The bones which r.-i .nii.rilinLr lo 

fonn the Eubjert of Ibia paper present char- [.{ih/ki i',- pi^. u :, |.i~ l,.L-,,ii,r) wild in 

aclers which, although not decisive aa re- d.mi'M''!i, nol ri'L'iiiai'rl a n'scniMance to ibe 
gords n gcologienl rpeeh, a:c, Deveithelesij, wild iKinr, in lima diFtlnfiuished from the 
auch OS iudiCBlu II ^ery high anlliiuitjr. I' Hamc unimal in tlia domeaticateil slate, oi la 
may also be reniaikedthul, common Dsi^th. Ui chamois fiom the >;out : and, liistly, the 
occurrence of diluvial unimal boiiCH in tht bull-dug. which is ciiuraeteriKed by its largo 
muddy deposits ufcaveiuE, fuch lemuinahave bones uiid hi rongly-dev eloped muscles from 
not hillieilD been mtt wiih in thecavea of every oiiiei kind of di'g. Tht- CHlimatinn of 
IboNeandcrlhnl ; und that ibe hones, which Ibit lacliil angle, the dulerminotiuu of which,. 
were covered by a deposit of mud not mote ncpontui;,' lu Fiofeasor Owen, is also difficult 
tban four or five feet thick, anil williout any iu the gieat upes, uwiog lo Ibc very promi- 
protective covering of tialugmite, have re- neot auprii orbilai ridges, in I ho present case 
lained llio greatest pait of their oigunic sub- is leudered still more dilHcult from Ihc ab- 
Uance. sence huih of the auditory opeuiug mid of 

'■ ThcEc ( irrumslunccs might he adduced the nasal spine. But if the pro]>er hozizoii- 
agninsi the piohahiliiy of a geological on- tal poaiiion of the skull be taken fruni the 
tiquily. Nor should we lie justified in re- remaining portions of the orbital plates, and 
garding Ilie crnnial confuimallon ua perhaps the asceudmg line made to touch the siirfHce 
i^reseNling the moHt savage pciiniuve type of the fronial hone behind the prominent 
of^ the human nice, since crania exist oni'ing cupra-orbilHl ridites. the facial angle ia not 
living savages, which, though not exhibiting found to exceed 50°. Unfortunately, no 
such u lumafkahle uoiiformution of the fore- portions of the facial bones, whose confor- 
bead, which gives the skull somewhat the malion ia sodLcitilve m3 regards the form and 
Upect of that of Ihe large apes, slid iu other expression oC Ihu head, have been preserved, 
respecis, m-- i. r :.-M,nce i'l the greater depth Thu cranial capacity. (Uimpared with Ibe un- 
of Ihe leiupiiral ic,.-*.-:!. ilie cjeat-like, promi- common strength of the corporeal framo, 
sent li'iiipir.il r. !;:.>, iiml a. guuurally Itss would seem to iildicale a small certhral de. 
oapiiciuii.. cTiu.i.a , iiviiy, exhiliil au equally veUipment. The skull, lis it is, liolda about 
low stage of diiwlupiuuul. There is uo leo- jjl oiinrea of milH-seed ; and aa, from the 
HOu for liiipposiug tliut thu deep tromal liol- propoitlonate sIkh of the n-nnting lunes. the 
low is due to any aitiliciui flallening. such us whole cranial iiivily should have about six 
to practised in various modes by baibaroiis ounces nioreadded.liie conlenia, were it per- 
natiims in the Old and New World. TUu feet, may he taken at 37 ounces. Tlndemann 
sIeuII is quite symmetrical, and ahown uo iu- asaipna. as llie cranial conlenia in tiie Negm, 
diealion uf coualer preasure at Ihe oecipui, 40, 38, and 35 ounces. The cranium bold* 
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Till; cHpncity of tlic MiLlity skulls, («llnmtei] 
liy ■n-uter, eijUiiDpd 38. 33 nuncea, wlifle iu 
Die diminmivu Hindoos it fulls In as liitle as 

Atl(-r eomimritiK the Nfnuderlbal craDnini 
Willi many iiilieis, nncipnf nnd miiiieiu. Prn- 
feSBor SclinnfThaiisen con dudes IIjus : 

" But IhB i-iiiian \iani-n Burl prrtniiim ficiii 
ttie Xeaudertliiil I'xrttd all Hid nft in llio^c 
peculinrilies of confomnalion which lend to 
the conclusinu of tlieir belooging to a Uuj Ini- 
roux and sa«Rge race. Whetlier tlie wivem in 
wliicli ihey wiri' found, iinucc om ponied wiili 
any Irnt-u uf liumaa art, wcru tlic place ct 
Iheir iulernienl. ur iv b ether, tiko the boni'ti 
of exHM(-l II I M m Ills (I sew he ri?, iheyhad been 
wnttliei! mill ll, tlii'y inuy etill lie rcgunli-d a.'' 
iIjc itiii.-L iiiiiieut memuiial of the early in- 
huliiiuiiis of Eui-o[it." 

Mr. Ijuaii. the liauslalnr nf Dr. SchaalT 
liauaeu'n paper, has CDulilid its to t'^rm u 
vcrytivid cuni.-cpliiiii uf llic degriided chm- 
acter of iho NtimdPilhul sknll. hy pluciug 
aide bv uidii witli i:^> uuiliuu lliai of the skull 
at a Cliimpanzec, drawn lu ihe uatne ab^Iulc 

Sotac time nfler Ihe puhlicutiua of thu 
traoslaUou of PrDCessor SchaiilThimseu's "Mr?- 
moir," I ytas li-d tu Blu<ly the cast of the 
Neanilcilhal ciuuiiini with mure altenttim 
than I liiid previauvly liestoivL'd upcn it, in 
Con«;qiiPnee of mahiiigto supply Sir CbarlBS 
' Lyell with a di^fiam, exhihiiing the apeckl 
pecuiiitriliea of tliis akvlt, as compared with 
Olhi^r butnitn skulls In order to Co this it 
was necessary to identify, Willi precision, 
ItaosG points iu Ihe skulls cnnipnrcd which 
WMTespondeil anatomically. Of these points, 
tbe glabella was olivious enou<A ; but when 
I had dislin^uished another, defined by Uie 
occipital pniluliorr.nr.Eand superior semicir- 
cnlar line, and bad placed tbo outline of the 
Neaoitcrllial skull against that of the Engis 
efciili in sucli a position that the glnheltn and 
occipital prolulierancp of both WFre inler- 
Bccled by tlie same Hlraiglit line, the differ- 
ence was so vast and the fluttcnkig of the 
Neandenhnl sknll so prodipioua (compare 
mgB. as and 34 A), that I at first imagined I 
muEt have fallen into enme error. And I 
waa Ihi' more inclined lo suspect this, bb, In 
ordinary human ekuils, Ihe occlpilul pcotu- 
beranco and superior semicircular curved line 
on Ibc CKli'rior nf the occiput correspond 
preliy clnstiy with the " lalprni siniiscs and 
tlielineof Mliirhment of the leuloiium in- 
ternally. But on Ihe tentorium re^la, as I 
bave sflid in the pieeeding essay, the poate- 
nor lobe of the brain ; aud hcuce tile occip- 
ital protuberance anil Hie curved line ia 
uueelion indicate, approximately. Ihe lower 
3in:tB of that lobe. Was it p.issible for a 
human being Co have Hie bralu thus fiat- 
lened and depressed ; or, on the oilier hand, 
bad the muscular ridgca shifted their pasi- 
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(ion ? In order In aol<% these doiilils, n,nil to 
decide tile qiieslion whelber Ihe creat sinra- 
ciliary projections did, or did not, arise from 
Ihe development of [he frontal sinuses. I re- 
quested 9:r CiiailesT-yell I J lie sii good as lo 
obtain form'.' from Dr, Pulilroll.Ihe possessor 
of the skull, answer* tu ci'i luin queries, and if 
possible a cast, or nt. any rale drawiiiEa, or 
phntogniphi. of the inleiinr of llie skull. 

Dr. Pahlrott repliwl, witli a oiuUiy- and 
readiness for which [ am iiillnllely iuifebled 
to him, tomy luipiirii's, imd futtlii'itnore sent 
three excellent pboL'i«rrt|ilis. One of these 
gives a side view nf lliu skull, and from it 
Fig. 24 A fiaa been shaded. The second 
(P%. as A) exhibits tho wide openings of the 




frontal sinuses upon liio infutior surface of 
the frontal part of the skull, into which. Dr. 
Fuhl roll writes, " a probe may Ijq introduced 
to the depth of an incli," and tlemonslralea 
tho great extension of Iho lliickened supracil- 
iary lidges beyond Ilio cerebral cavity. The 
third. Wily (Fig. 35 B), exliihits iho edge 
and ihu interior of th'i p isleiior, or occipital, 
part of tlia skull, an I lUnwij very clearly the 
two depressions for tliu lateral sinusea, sweep- 
ing inward tovtard tiiu middle line of tlie roof 
of the skull, lo form tbo longitudinal sinua. 
]t was clear, tiiereforo, lluit 1 had not erred 
in my intarp relation, end tliat llie posterior 
l<jhe of the brain of the ^eaudcrihal man 
must have been as much llatteucd as I sus- 
pected it to be. 

Ia truth, the Neanderthal cranium bo* 
most extraordinary chaructern. It Laa an 
extreme leiiifth of 8 inches, while its breadth 
Is only 5.75 inches, or. In other words, its 
lenMh is lo its breadth us 101) : 73, It is ex- 
ceediugly depressed, mea-surnig only aboul 
3.4 inches from the glabelio-occipiUl tine to 
ih'i vertex. The longiludinal arc, measured 
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In Ibc game way as 
inctioB I lUe trans^ 

asccrlaicud iii i:o'iiiii^i)iiKnce (it iiiu uiiseuro ur 
tbe lemporal biiitj, b;il wa* pro!hii>i\ ::■ 
tbeaunu, nu-J ceilaltily exceeded Ini '. i 
The limlzouiul drnimfereiicD is .; ' . 
But tUis gru.it i!l[«»)ferenci) ansi ^ I ,: _■ iv 
from tliB vast ikrelopmsDl of IhosuprHLiii- 
»ry ridges, llniigh1h"P":viraaler of liiu liniiii 
aoMi ilHclf ia aoi i^miill. Tlie brKU Biipnii.-ill- 
ary ndgea givu tliu foreliend a fur man i>:- 
ireatiaf; nppuartmce llian its laiuriiiii cotilour 
would bear out. 

To an OHHt'inucal eye Iho posterior part uf 
the skull U even more BtrikiDg ttian the nute 
rior. Thu uccjpilul prntulieruiice i>ci-iipi(.'s 
ths uKtrcine poelerior end o! tlju skull. wLfu 



tb« gkbello-occipilal line l.i mnde boriioiital, 

Hii'l en fnr fruin itiiy piirt uf llie cirripilMl r»- 

L'ji.'ii c^ipodiug lieyoud ii. Oils regiiin of the 

.ii - ipi-9 obliquely upward ii ml forward, 

: tlii: lambdoidal BUliinj |g BltimtMl well 

I. ii ' upper surface of ibe nrauiuin. Al 

III' --luii: litue. DotwilbataDiliog Uiu great 

kii^-tli of tbc skull, lbs eagitmt milure ia re- 

miirkably abort (4 j inehcK). and tbc squuno- 

wil auLurc is v<?ry straijjilit. 

In reply 10 ray ([ueslSona, Dr. PuhlrotI 
writes tbal the ocdpital bone " ia Id a slate 
of perfect preaorvcLioa as fai aa tbo upper 
senildrcular line, which is a very strong 
idge. linear ulllBexIreniiiiuB, but uubirpin^ 




wliich is sKsIitlj' depressed in llic middle. 

'' Below Ibc left riilgG ilie lioQU exliibks an 
abli<]uvly inclined Burtace, six lines (Frcucli) 
lonE, iinii LWL'Ire linua wide " 

Tills lust must be Ilie surfuec, Ibu contour 
of wtticli Id shown in Fijj; Si a, below A. It 
is pdrticularly intereeting, m it au^cels (hat, 
Dolwitlialuaciing llie dutieni^d cundliion of 
Ihe ocripiit. Did posterior ccrubial tiilies mnst 
liHVe prolecliirt consIdEfably beyond the cere- 
Iwlium. and us it ennslituiaa one nmnne sav- 
inilpiiintg of similHriiy licIWL'en iheNcan- 
ilbi lliid cranium and cei tain Atistralian akulls. 



' Such Rre Ihe twti best known fomiB of hu- 
man cmnium, which liave been found in 
wliai may bo fairly termed a fossil stale. 
Can ellher be ehown to All up r>r dimioiah, 



slructiire of the human 

mally formed skulls of men are known lo do 

kL Itie present day'! 

It is impossible to form nny opinion oq 
these ([ueslions, without Bome preliminary 
acqunlnlaoce with thu range of vaiiation ei- 
liiliilfd by human structure in general— a 
BUlijccl which haj been but imperfeclly slud- 
icl. while even of what is knuwn my limits 
Will nwesdarily allow me to gise only a very 
imperfect sketch. 

The student of nuatomy is perfectly well 
iware Uial there is not a Eingle organ of the 
^iiimnn body the Blructure of which docs not 
vary, to a greater or less extent, in different 
indiwiduala. The skeleton vaiictt in the pro- 









nthe 



connections, of its eonaiituenl bones. 
muKcles which move Ilia bonts vary largely 
In their oltaohmenls. The varieties in the 
mode of distribution of the arleries are cnre. 
fully clasaifled, on accoiinl uf the practical 
importance of a knowledge of llieit shiftinga 
lo the surgeon. The chatacie:s of the brain 
vury immensely, nothing being icss conaiani 
than the fonn and size of Ihe cerebral hemi- 
spheres, and the richness of Ihe couvoiutions 
upon their surface, while the most changft- 
able Klnictnres of all in the human brain ara 
exftclly those on which the unwise Rllempt 
has iieen made lo bn-'w the dislinctive charac- 
ters of humanity, vii., the posterior cornu of 
the Inreral ventricle, the hippwnrapus minor, 
and tho degree of projection of Ihe posle'rioi 
lobe beyond the cerebellum. Finally, as all 
the world knows, the hair and skin of human 
beings may prest-nt tbo most cxlraordlnaiy 
diver.'iities in color and in texture. 

Bo fnr 08 our present knowledge goes, the 
tiajority of the structural varieties to whick 
allusion is here made are individual. The 
ape-like arrangement of certain muscles 
wliich is occasionally met with in the white 
races of mankind, is not known lo be more 
common among Negroes or Australians : nor 
because Ihu brain of the Hottentot Venus 
was found lo be smoother, to have its convo- 
Itttiona ii;(>ro aymmetricallj disposed, and to 



, .like than thai of ordi- 
nary Europeans, are we justifled in conclud- 
ing a like condition of the brain lo prevail 
universally among the lower racesof mankind, 
however probable t bat conclusion mny be. 

We are, in fact, sadly wanting in informa- 
tion respecting the disposition of the soft nnd 
destructible organs of every race of mankind 
but our own ; and even of Ihe skeleton, our 
museums are lamentably deficient in every 
part but liio cranium. Skulls enough Ihero 
are, and since the time when Blumenbach 
and Camper first called attention lo the 
marked and singular differences which lliey 
cxhiliit, skuit-col lee ting and skull -mi^su ring 
has been a zealously pursued branch of natu- 
ral history, nnd the results oblaiued have 
been arranged and classified by various writ- 
ers, among whom llie late active and able 
Ketzius must always be the flrst named. 

Human skulls have lieen found to diffei 
from one another, not merely in their abso- 
lutc size and ia (lie absolute capacity of the 
brain-case, but in the propotlions winch tlu 
diameters uf Ihe latler liear to one another ; 
in the relative size of Ihe bones of the face 
(and more particularly of Ihe 3aws nnd leeth) 
as compared with those of the skull ; in the 
degree to which tho upper jaw (which is ol 
course followed by ihe lower) is thrown back- 
ward and downward under the forepart of 
Ihe brain-ca«e, or foiwatd and upwaid in 
front of and lieyond il. They differ fuilher 
in the relations of llie tninsverse diameter A 
the face, taken through the chetk-bonea, to 
Ihe transveise diumeler of Ihe skull ; in tho 
more rounded or mote gablc-like form of the 
roof of the skull, 'and in Ihe degree lo whicii 
the hinder part of the skull is flutlcncdor 
projects beyond the ridge, inlo and lielow 
'Which the muscles of the neck are inseilvd. 

In some skulls the brain-tasc may lie said 
to be "round," the CKlreme lengili not ex- 
ceeding tho extreme breadth by a greater 
proportion than 100 to 80, while the differ- 
ence may he much less. Men possessing 
such skulls were leimed bjHclzius" brach^- 
ee^ialie," and the skull of a Calmuck, of 
which a front and side view (reduced oulline 
copies of which are ^iven in Fig. 26) are 
depicted by Von Baer in his excellent " Cra- 
nia selecla," affords a very admirable exam- 
ple of that kind of skull. Oilier skulls, sucb 
as that of a Negro copied in Fig. 37 fiom Mr. 
Busk's " Ctania typica," hnve a very differ- 
ent, grcaliy elonga'ed form, and may he 
leimed " edlong." In this skull Ihe cxireme 
length isto the extreme breadth as 100 lonot 
moie than 67, and the transverse diamcler of 
the human skull may fail below even lb!a 
proportion. People having such skulls were 
called by Itelzius '■ dolichocephatic." 

The most cursory glance at the side views 
of these two skull will suffice lo prove that 
they differ. In another respect, lo a very 
striking extent. The profile of the fnce of 
the Cidmuck is almost vertical, the facial 
hones being thrown downward and under the 
forepart of the skull. The profile of the face 
of a Kegto, on the olhi r huud, is singularly 
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ing far I'ornaril beyi 
\iun ol tbe skulJ. In Uii: former cnse Ihe 
bkuU is said to bs " m-fAc^'u'Ao'"" oFstraighl- 
jawed ; in the laHer it is Milled " progiia- 
thnua," a tenn which bai liten rendered, wilh 
more forte tliiin flegance, l-j llie Saxon equiv. 

VRrioua mtdtlioils !isvo Imen duvised In 
order to cxgircRB nilb soma nccmnej ibc de- 
gree of progoatbiBin or orihofcTJiilliifnu of any 
^ven ekuil : most of thcHU iHL'thnda being' 
egsenlially moil iflcal inns of lliat devised by 
Peltr Camper, in order lo allain wbot ho 
(tailed Ibe " facial ani>;l<!," 

lint a little nuiijiderulion will sbow that 
any " facial migle' llial lias been devised cau 
lie coinpulont to express [lie structural niodi- 
Hcalions involved in prognatliisni and orlhog- 
□Blhism, only in a rough end general sort at 
VHj, For the lines, Xha interscetion of 



wliicli forms tbe facial angle, are drawtt 
tbrongb poiots of Ibe Kitnll. llic position of 
each of which is moiiifled by a oumlx'r of 
circumstances, 80 that tlie angle olitnined is 
a complex resultant of all iheae circum- 
tances, and is not the expression of any dne 
definite organic relation of the parts of the 
skull. 

I have arrived at the conviction that no 
compariflon of crania is worth very much 
that is not founded upon Ibe (^tnbliabmcnt of 
a relatively fixed basa line, to which the 
mcuaureaionts, in all cases, must be referred. 
Nor do I tbi::': it is a very diSIcult mailer to 
decide what that base tine shoutd be. Tho 
parts of lliQ skull, like tliose of the rest of 
the animal framework, arc developed in suc- 
cession ; tlie base of llie skuil is formed be- 
fore its sides and roof ; it is convened isLo 
carttlaeo earlier and more completely than 
the sides and roof ; snd the cortilaitinoni 
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ossifies, and becomes soldered into 
one piece long lieforo ihc rouf. I conceive 
then that tlie base ot tho skull ma^ be de- 
moostrnted derulopmeutnlly to be lis rela- 
tireiy fixed part. Uio roof and sldps being rel- 
atively movable. 

The same truth is exemplifietl by llie sludy 
of the modi fl cations wliieh the skull under- 
goes la asciinding from fbe lower aiiimals up 

In such a mammal as a licuver (Fig. 28), a 
line (ffl. b.) drawn throu^li llio bones termed 
bosioccipiti^, bssispbenoid, and prcaplienoid, 
ie very long in proportion to Ibe extreme 
length of the cavity which conlaina the cere- 
bnu Lcmispberea (ff. A.) The piano ef (he 
occipitnl foramen (*. e.) foims ii slightly 
acute flngie with litis " buajerantul axis, ' 
whUe tho plane of the tentorium (i. T.) is in- 
clined at rather more Ibau HO" to the " haai- 
cranlal axis ;" and so is Ibe plnncdf llie per- 
forated plate (a. d.) by whicli the fiUimenls 
of the olfactory nerve leave tJiu slcull. 
Again, a tine drnwn ihiotigb I lie axis <if the 
fuoe, between the bonea e:i)li'd Miimiiiiland 
vomer, the " basifncial axis" (f. e.). fdi ms an 
exceedingly obtuse angle, wIkti', wlicn pro- 
duceil, itcutstlic " tas!criini,T.t axis " 

If tho angle ma'lo by tlie bne ft. f. with 
a. b., be called the " oceipitul niigli;.'' and 
the angle made by Uis line n. d. ^¥i^l a. b. be 
termed Ibe'' olfactoiy angle," and tliat mnde 



by i. T. with ti. b. tbe "tentorial angle." 
then all tticse, in tlio niammBl in que.iition, 
arc nearly rigbt angles, varying between SO" 
mid iW. Tbe angle e.f. b., or that made 
by the cranial with the facial axis, and which 
may he termed (be " cranio-facial angle," is 
QXtrsiuely obtuse, omniinting, in the case of 
the bi'jiviT, U> nt icikst ISO". 

But if a aeries of sections of mammalian 
akulK iiiiermedialu between a Ilodent anil h 
Man {b i::. 28). be isxnmincd, it will be found 
that in the higiier crania the bast-craiilal axis 
becomcH shorter relatively to the ecrebral 
length: Ihat the " olftictury angle" am] 
" occipital angle" become more obtitso, and 
that the " erauio facial angle," becomes 
more acute by the bending down, as it were, 
of tbe facial axis upon the cranial axis. At 
the same time the roof of the cruniiim he- 
comes more and more arched, to allow of the 
increasing height of the cerebral hemisplicrea, 
which is eminently characteriatlc of man, ai 
well us of that b^kward eslcnsion. beyond 
the cerebellum, which readies it maximum 
in tbe South Amcrifiin mnnkeya. Bo that, 
1.1 last, in the liiimait skull (Fig. 39). the cere- 
biul length is between twice and tbrice as 
great us the length of the basicranial axis ; 
the olfactory plane is 20" or 30° on the untfcr 
side of that axis ; the occipKul angle, instead 
of being less than 00', is as much as 190° or 
160" 1 the rranis- facial angle may bo flO° or 
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less. and tlio verlical liKl^'lit of llio Bkull may 
have n. I&r^ prnportion vi i'.a length, 

It H-lil be obvifiiiB, IriiLii bq inspecilnn of 
till* <itngrami>, tliat tlie boskiKnlal axis in, iu 
tlie NHceniliug sotien of tun in mall a, n rHalive- 
1; Hied lloo. on wUicli tlie Umet of tlio didin 
nad riK>f of tli^ cmnial cnvitf and of Llis 
face may be ia!d W revolve downward and 
fiirward or backward, pccordin;; to llieir po- 
Bition. The iirc described liv any one bono 
orplniiH, bowpvi'r. ia not by nay menas nl- 
vny* in proportion to llie nrc ileacTibeil by 
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a tlic 



■e diBcern bet' 
em IdniiH of til 
answering, in hoW'^vi 
tlilc reviiliitloD of the bkih nmi 
the akail apnii tUe linHlcranial 

" > Brent " schIu ' "■ 



Importune question, can 
I tbe iowent iind tlie Uigrb- 

mmnu craiiiuni. nnjtUins 
slijlilB dejiree, L. 



nbservpill'iB 



series? N 

belifVH tliat we must answer Ui\a ([lu'stioii In 
tlieaffiniiative 

Tlie diiiL'rama in Fijr. SO iiru r>Kliiced from 
Tery »retally ninde diojiraiiiH of nectlniis of 
fonr skullfl, two round nod ortlmdiiatiioim, 
two long nud prognatUou?, Inkeii loiigitnflj. 



nally and vortlcolly, tlirougli lb <i middle. Tlks 
BL'CtiiiDHl dinirrauiH tbeu \iava ueen Bupenm- 
IKised in Bucli a manner tliat tba liaeal ases 
of tlie skulls coincide by tlieir anlerlor end* 
iiud In tlieir diretticm. Tliedeviaiiousof tUe 
rfBtof tlieconiourii{wblplire|ireBent the in- 
terior of i-lia skulls only) show ilie difisr- 
encPB of tbe skulls from one anotber iviian 
tlieBe uses are regarded 03 relative); SxeA 

The dnrk contours tiru tboae of on Auatra- 
Vaa and of a Negro sknll ; tbe light contourB 
Bra tlwse of n Tartar gkull, iu the Mnseura o( 
the Hoyal Uollef^e of HuriceoDS ; and of o, 
welt developed round skull from a cemetery 
in Coiistnnliiiople, uf uucerlaju race, yi my 
own ]MisseBsion, 

h oppi-am, Bt once, from these views, tbat 
the ]iro^LinIbous skullM. sn tnr as their Jhwb 
iini cnncenied, do really difl'cr from tlieor- 
I hn IT lint boil B in much the rmmu way ab, 
ihoiL^rb lo n fur les-i ilei-reH than, the skulls 
oF tliu 1nwf-r mauimulB difTur from thnse of 
Mnn. FnrlhfTmore, tbe plane of the occi- 
l>ital fiiruninii (b. c.) forma a Bomewhat 
siiittHi-r ancle witb tba asla in these particu- 
lar jTii^inHlbona skulls tlian in the orthognB- 
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tlionH ; Bad Ihc like may be fllghllT' true of 
tlic pcrfomlPil pliite rl^ ihti ctlmmid— tbough 
this point 19 not so dctir. But it is singular 
to remtj-k lliiLt, In uddiIici' retyped:, tlie prog- 
DBtLous (kulls are leas tipe']iKn IliaD the nr- 
thopialhouM, llic ccrehral cnifity projecting 
decidedlj more bejund lliu nnterinr enil of 
llie nx» in tlie prot'uullious tijun in the or- 
thognalhoiis skulls. 

• It will be ubstrved tbat these dingrana re- 
Teal an immense rRnge of varintion in the 
capaclly and relulive proportinn to llie cranial 
aiiB of the different regiona of tlie eavity 
wliich coDlaina ilie brain in llie different 
sttulls. Nor is the difference in tiie extent to 
wbicb Ibe cerebral overlaps the cerebellar 
caTity less singular. A round skull (Fig. 39. 
Carui.) mny have a greater posterior cerebial 
piojection Ilian a long one (Fig. 311, Negro). 

ilnlil human crania have been largely 
worked out in a mnnner Eimllar to Iliat here 
BOggested— until it thall be iin opprobrium to 
an elhiwlogiciil collection to posseES a single 
■kull which la not bieeeled Inngiiudinally — 
ontil Ibe angles and mtHsurFmcnls here men- 
Uoned, togelher willi a number of olbers of 
which 1 ninnot tpeak in Ibis place, are deter- 
mined and tabulBltd with reference to the 
iMslcianial axis, as unity, far large numbers 
nf ekulls of the different races of mankind, 
I do not Ihink wc shall have any very 
Bafe basis for that ellinological cianiology 
trhiob aepirca to give the anatomical charac- 
ters of the crania of the different races ol 
DiBitkind, 

At present, I btheve that Ibe general out- 
Unes of what may be safely salil upnu ibiit 
■abject may be summed up in a veiy few 
■words. Draw a lino ou a globe from the 
Gold Coast iu Western Africa to the steppes 
of Tarlary. At the aoutberu and western 
end of that line ihf.re live the moat dolicho- 
C^^utJic, prognatboaa, cnrly-haircd. dark- 



■itlnned of men — the Ijue Iisgroes. At the 
northern and eastern eud of the same lino 
there live the must brachycephalic. ovtbog' 
nalhous, straight-haired, yKllnw-skinned of 
men— the Tarlata and Calmucks. The two 
ends nf this imaginary line are indeed, so to 
speak, ethnological antipodes. A line drawn 
at right ung!e». or nearly so, to this polar 
line throitgh Europe aod Suulhcrn AMa to 
HinrloBtau, would give us n sort of etjualor, 
around which round-headpd, oval-headed, 
and oblong-headed, piognulhous and ortling- 
nalhoiis, fair and dark races — but none pos- 
sessing the excessively marked cbiiracIeiB of 
Calmuck or Negro— group themselves. 

It is worthy of nulica that the regions of 
the antipodal races are nnlipodalin climate, 
the gnjalest contrast Iho world affords, per- 
haps, being that lictwccn the dump, hot, 
Bteaming, alluvial coast plains of the West 
Coast of Africa and the nrid, elevated sleppei 
and plateaus of Conlral Asia, bitterly cold in 
winter, and as far from the sea as any part 
of the world can be. 

Prom Cenlnd Asia eastward to the Pacific 
Islands and sab-eontinenls on the one hand, 
and to America on the other, brachyci-phaly 
and orthognathism gradually dlmioish, and 
are replaced by dolichocepbalv and progna- 
thism, less, however, on the American Uon- 
tiuenl(throagbout tha whole lengthof which 
a rounded type of skuU prevails largely, but 
not exclusively) thuu iu the PaciHc region, 
where, at length, on the Australian Conti- 
neol and in the adjacent istunds, the oblong 
Bkull. the projecting Jaws, and the dark efcin 
reappear ; with so much departure, in other 
respeulB, from the Negro type, that etbunlo- 
giata assign to these people the special tltlo 
of " Negritoes."' 

The Australian ukul'l is remaTkablo for its 
norrownedfi and for the thickness of its wnlls, 
especially in the Tegli>u of the supraciliory 
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ridire, wliicli is frmiii^tiih-, ihont'li not oy 
my rar:naii i!iviiri,ilj|.v. h ili.l iliroughout, lUe 
fcoufiil siniLiut ruamiriin,' iiti developed. The 
nosul ile;ircgsion, uguin. i.-; cxlirniefy audden, 
flo thai iliH brow* ovcrlinnt; hnii give llie 
cuunlcnancR t particiilm lj> lowering, '.hreat- 
enJng expreisioi?. Tlie nacipilftl region of 
tbo BkuU. also, ,iot iinfi-oqiicnlly liecomeg 
lugs promiocBi ; so that It not only fails to 
project beyond o liap drawn perpendicular to 
the hinder cxiremily of iliu gialrello-oceipital 
line, but even, iu som'j r.-asuH, bcgiaa to shelve 
HWiiy from it, forwiml. ulniust iniuiedialtly. 
la coDSCqucDCD or thix i.'it(aims[uiice tho 
piirtB of the ocp.ipiiiil l.>o:'u wLn.li lie abovo 
and below the liiberosiiy uialit; ii laucli more 
iicutu ftiiKlc with one HuolMtr Itiiu ih usoal, 
whereby the himlerpuit of (iie biiee of the 
sliull appears olitiqneiy truncated. Many 
AuBiraliiin Ekulls have n conaiderahleheigUi. 
qiiile equal to lhu[ of tho mrRmge of any 
oiher rai;e, hut there are oiliora in whi^t the 
craoial roof heeoiiieB remiirliahlv depreHseri, 
the skoU, at the same lime, e^ougoting' so 
Euch tiai, probably, lis cBoacity is not (U- 



minishfri. ThemHliiiiii'.-r "Uulis poBae86ii;g 
Iheac ehiirHtters nhi*h I Imvu scon are from 
the neighborhood of Port Adelnidc In South 
Australia, and have bero -^a^ by the natiTca 
as water vessels ; to which end the fac« had 
been knocked away, nud a string paf«ed 
through the vacuity nod the occipital foia- 
men, so that the ekull was suspended by Ibu 
grealer pari of its liusis. 

Fi^. 30 reprcseulB the cvnlour of u sku! 
of this kind from Western Port, with th> 
jaw attiLCiied. and of the Neandertbal ekull, 
both reduced to one tlilrd of the size o~ 
ture. A Gmuil additional amount of flulteO' 
ing and lenglliening, with u corresponding 
increase of tho supraciliary ridge, would 
convert the Australlao bniin-caee into a form 
ideotical with tliat of the aberrant fossil. 

And now, tn return to the fossil skulls, 
and to the rank which ihcy occupy among, or 
beyond, these existing varieties of cranial 
conformation. In. tho first tdace, I must 
remark, that, as Professor Pcbmerling well 
observed (ni7HYi.P'23D] In coiamcnttng upon 
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the Engia skull, llie riirmHlionofHsafs Jads- 
Vteat upou tliH iiiii^ntiudi is areai\y hindered 
by tiie aljM-ncB o( iho jaiVH from l)otli ilm 
crania, rat lint tliem is no lueaoB ol'iJiscliliii),', 
with csrtttiiity, wliHilier Tliey were iimre i)r 
less jirognniUcmo tli«ii ilu ' - -'-'■■- 
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other, that liiiiuan B^allK vury, luvranlund 
from, the bnilal type — tho braiii-tnse of nn 
BTerngo dulichocuphaliu Uuropeiiii diSerinj; 
fsr lesj tmin iliat uf >i Negra, t>>r ciin.m[ilu, 
than Lis ja\fs do. lu i1m nlisence of tlia 
JawB, then, any judginBtit on ttiu relations of 
the fosail Bkaila to recent ruci-s muse be nc- 

But lakiii); the cvidHOCc na U Biaoda, aiid 
turning lirst to the Englfl bI;u11. I confeM 1 
•an liud mi cli&mctei in t'ls reiunins or thnt 
iianiam wlikli, if ii nere a recunt akull, 
iToiild give any trnstwortliy clue na to ilie 
race to wliicli it lui^jlit appertain. Ita cnn- 
toara and measarenientB agc^t^n very well witli 
thoae of Bome AuHtmllon slialia nlilaii I Iiavo 
eiamiDcd— G.nd HapecJally has it i tendency 
toward (hat occipital HuUening, to tbe grifat 
extent of M'hich, in some Aitsinilian Ehulln. 
Ihftve alluded. Bnt all Au8iriill<iii tkullado 
not present this flutieninf;, and tlie sDpmcll- 
lary lidKe of the Engia skiill ia qnite nnilko 
that of the l;pica.I Australiana. 

On the other hand, i la muoEarernenta agree 
equally well with ihnae ef some European 
skuU.i. And tiBBuredly. tliere ia hq nark ill 
degradation about niiy pan of ha utractnrc. 
It is, in fact, a fair nvernRO lium^a «k-il1. 
which miyhl ImvB beloii(jud ton )iliil<iBep'i.-r. 
or might have coniaioaJ lau tliougiiileBa 
hraina of a Eaviigc. 

Tha ease ot ihB NBaoJorthnl RkillU^ory 
different. Under whatever aapts't ws T'tw 
this cranium, wliether wo regluvl 't£ l?riical 
depressinn. the enormous Uiickneas of ita 
BuprAcillary ritlgeH, its Blopiuir Dccijjut, or ita 
long and atrHight aqoamoEal sittiire. ive meet 
with ape-like clisractera, stamping it aa t)ia 
most pitliecoid of human crania yet discov- 
ered, ilut PrufcHBur tkhaaShauaen etates 
{tuora, p. 341), that ilio cniniaia, in its prt'A- 
enc condition. Iiolda 1033.24 cuhic cenii- 
metres of water, or nbout 03 cubic inehcp, 
and as the entire nkull could hardly have Leld 
less thau an additiontil 13 cubic inches, its 
capacity may bo estlTuntod at nbout 75 cuhic 
ionlioa, wliich is Ihe avemjre capnuity given 
by Morion for PolvneBian and Hollcnlol 
akullB. 

Bo large a mnsa of brain as lliin would 
alone HUiiKeat that the ]iilhucuid teiideiicirB, 
indicnted bj this tkull, did nut c^ti-nd d<H-p 
into the organization ^ and lhl^j nmclu^loii 1^ 
borne out by tlio diinenBioua of th:; ulIut 
bones of tha nkeleloii (;iven h.v I'rif^'t'Hor 
Bchaaffhauaen, which hIiow tlint tho u\«« iitit 
height and relative proportiona '>( tin' Innlia 
were quite thoae of no Europi-Dn t.f mlddlo 
Btstare. Tha hon^s are iiicleed Ptouicr, hut 
thiH and the great dovelopmenloftlio hiuhcu- 
]»r ridges noted hy Dr. SclinnffliauBcn nro 
characters to he oipccted in savngeB. Tho 



Pnlns^nlnoB, eiposed without shelter or pro- 
tci'liun to a tlimnte ponsibly not verydiB^m- 
ilnr ironi that of Europe at the tinJe dnrlng 
which iUb NcnodertliHl man lived, are it- 
iiiarkahlii fur the stoutnetB of (heir limb 

111 tio peiisii, then, can the Nennderlhnl 
bones bu ri'gaided »s ti^e rt^aina of a liuman 
bpiiijj iiiiHruiediate between Men nod Apes. 
At most, they demonalrate the esisteuce of a 
Man wliosH vkuU may ha Enid to revert eoma- 
whtt toward ilie pithecoid lype^usl as a 
Carrier, or a. Pouter, or a Tumhler, may 
BomHtimps put on tho plumaEe of Ita primi- 
tive Etock, the Cotumbii Ikiii. And indeed, 
though truly tho moat pithecoid of known 
human sltnlls, tho Keanderllial cranium la by 
no meaii^ ed Isolated its it appears to he at 
first, but forma, in lealily, the extromu term 
c;F a series leading gradually from It to the 
highest and best developed of human crania. 
On the one hand, it ia closely approached by 
the llattened AuBtralian Eknllii, of which I 
have Bpoken, from which olher Australian 
gradually upio rtulls having- 



closely afllned totlieekiillH of certain nndelU 
people who inhabited Denmark liurini; tho 
"Btono period." and were pruhahly either 
contemporaneous with, or hiter iliui. the 
mokera of the " refusa beapa," or " K jot- 
ken miid din !; a" of tlisl 

The C( 
nal contour of the Neanderlhal 
that of some of tlioao Fkulls tnim the tumuli 
at Uorruby, very accurate drawings of whicli 
have been made by Mr. Sunk, la very close. 
The occiput isqnita aa reEreatlo;]', the Bupra- 
ciliary ridges aro nearly as prominent, and 
IhesknlliHBsiow. Fiirthennore, the Borre- 
by skull leapmbles (lie N'enndi'rlhsl form 
more closely tliananyofiluiAuainillan skulls 
do, by tlie much more ni]i1d retrocession of 
iha foreheail. Ontlieother hand, tlio Borte- 
by Bkulla are all somewhat broader, in pro- 
]-.ortiontotheir length, than ll'iu Neanderthal 
pkull, whih some attain that proportion of 
breadth lo lengtlr^BO : 11)0) wiiicli constitutes 
brachycephaly. 

Ill cooclasion, 1 may mt -.hut Ihe fosall 
renmiiiB of Man liiihert'i diECovered do not 
seem to mo to take us appreciably nearer to 
Ihat luwer pithecoid fonc, by ihe timdiflca- 
lion of w irh ha jsb, probalilv, become what 
be ia. And considerinjr what is now known 

liiat they foahiooed lllntaxes and Hint knivea 
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liiose fttbrlcBii-U by tbu lowest Bavages St 
iliii present day, and (hat we have every 
rciison ID lieliavii iho habita and tiiodea of 
living of Buch I copi*' lo linvo remained the 
Miu<< from Ihe llniuof llie Mammoth and tho 
t ichorhine Uhinoceroa till now, 1 do not know 
iliat 1hia nanlt Ib other ihnn luigbt be es- 
pecicd. 

■Ulicrc, tlii^n, must wo look for primeval 
Man V 'Wns the oldest ITomo Sapicni pliocene 
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ormiocene, or yet more ancient? In still if nny form of the tloctrineof^progresaive de* 

older strata do the fossilized bones of an Ape velopment is correct, wo must extend by lonj? 

more anthropoid or a Man more pitliecoid epochs the most liberal estimate that has yet 

ttMin any yet known await the researches of been made of the antiquity of man. 
some unborn paleontologist ? Tyg knd. 

Time will show. But, in the mean while, 
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When' it wns my duty to conaiiler ■what 
Mibject I nmiltl Hclcut for tlio sis lectures 
which I bIiuII now liave tlio plsnsuro of df- 
liveriitg to you, it occurrud tn me [hut I coiilrl 
not do better tiiaa cadcuiror to put before yuu 
in a LTUe light, or io what I mi.clit perhaps 
with mora modesty call, lliat wliicli I coo- 
re mysolE to be tie true llsbt tbepcEillun 
n liook which has been, wore praised aad 

re abusBii, perhaps, tMii auy lioolt which 

has appeared for nome years— 1 mean Mr. 
Darwln'B work on Iho " Origin of BpecieB." 
That work, I doubt not, many of yiu have 
read ; for I Icitnw the luQuirln^ iiplrit which 
is rife among you. At any mtr:, nil of ynit 
iriil have heard of it — soaio by one hind of 
report and some by nii'itlier bind of refvort ; 
Ilm attention of all and the curinBily of all 
hare heen prohalily more or Itss eiicitprt on 
the subject of itiut work. All I can •]<>, and 
all 1 shall attempt to do, la to put btfoiu you 



that hind Of jad^entTfhichhashecn fnrm«a 
by a man, who, of course. \a liable to jndg* 
ermnc[>U3ly ; but, at any rate, of uoe whow 
bns'nesH and profession it is to fnrm judg- 
menls upon questions of Ihla nature. 

And here, as it will alwavH happen when 
dealing with an extensive subject, the g'eiiler 
part of my course — if, indeed, sosmnll a num- 
ber of Iccturea can be properly culled a ciiursu 
— munt be devoted to preliminary mallerF, or 
rather to a statement of (hofae facts aiirj of 
tboee prLnciptes which tho work Itself dwtOlB 
upon, and briuga moto or less directly lieforo 
us, I Iia7u no rieht ta eupposo Ihat nil nr any 
of you are naturalists : and e?en if you were, 
Ilio misconcpplions and misiinderFlnn'iin^ 
prevalent even among nHliimllBls "o Ihnw 
matlers would make il desirable thnt [ should 
Inke the course 1 now propose to tnki'— (biit I 
should start fromthebo^Inuing—ili'it I 'bnitld 
endeuvor to point out what is the exlHiinc 
state of the organic world — that I Rhiiiilii 
poiot out its past condition — that 1 shmild 
dtato wlint is the precise nalun of Ihnvptoi- 
taking which Mr. Darwin tuuti* — '~ '* * 



that I should ctnienftir lo show ynii wlinl ara 
<Lb (July nn.-!lni(ls by wlilcli llinl iiuilprliikiDi! 
ciiii bu liriiujriitlonn issue, and In [lolDloul to 
you liowfarlhemilhorofthowork inqiiestkn 
haa saiisfled (tiuse eondiliona, how far lie hiiB 
not salislied Ihum, howfnrtliey areBiilisflnble 
by man, and hinv fnr they ure not HHiisliulilo 
hy iDHD. And for lo-niglit. In taking up the 
first pait of this question. I shall CDncHVnr to 
put btfore jnii n Boit of hroad notion of out 
knowleileo of Ihe condition of Ihe living 
world, ThtTi! iiro muny way? of 6nfng ihia. 
1 Inight dcnl wiili it piL-loiiully iind granhj- 
cnlly. PollQwing the caample of Huinbnldt in 
his " Aspecin of Nature," I might I'ndeavar 
to point out Ihu inflnilo'variely of organic Ufu 
Id erery moda nf its cxislencc, witli left-rente 
to the TariHlinns nf climuto and Ihcljke ; and 
Buch an aittmpt would ha fraught wiih in- 
terest to U9 all ; hut conaidsrlng Iho subject 
before ua, such ^ courae wouia not lie lliat 
best calculated to bbsihI us. In un nrgument 
of this kind we meat go fnrMier and i!ig deeper 
into the mutter : we must endeavor to look 
iBtolbefoundationBof living nature, If I may 
BO say. iiiiddiscoTcrlhD|)r!nclplcsiiivolTeil la 
bouki of her m'jst secret operatious. I propose, 
therefore, in the first place, to inko some ordl- 
iiary aninud witli which you ore all familiar, 
nan. by easily comprehi^nsibleandubvinuscx- 
RUipka drawn fruni it, to show what are Ibo 
kind of prohk-ins whteb living heinga in gen- 
eral Iny iKfcro ua ; und I ahallthcnsliow you 
(hat Iho sami; problems arc laid open to us by 
nil kinds of living beings. But, flr^t, let me 
say in wliutBcnso Iliaveu«ed tho words "or- 
ganic nuliirc." In ipcaking of the causes 
which kad lo our prusent knowledge of or- 
mnlc nature, 1 hnvu used it nlmosl as un 
vquivaleut of Iho ivord " living," and for Ihia 
reason — that in almost all living beings you 
can diatinguisli t-cveral distineC portiouj sot 
apart tn da particular things and work in a 
particular way. These are termed " organs," 
and the whole together is called " organic." 
Ai)da3itiaiiniTcr!>ully cliaraclLTistic of them, 
this ti'tm "organic" has been very con- 
veniently employtd 10 dcDOlo tho whole of 
living nature— the whole of tho plant world, 
and the wholo of Ihc animal world. 

Few animals can be moro familiar tu you 
than that wliose skeleton is shown on this di- 
agram. You need nut hiiliieryiiurstlvea with 
this " Eaiiwi eabalXaii" written under it ; tiiat 
is only ifiu Latin name of it, and does not 
make It any better. It simply means tho 
common horse. Suppose we wish to uadur- 
aiand all Blmut Iha horse. Our first object 
■nuHt l>e to aiudy the structure of the animal, 
fbe whole of his body is inclosed within a 
lide, uskiu cuverod with bain nuii if that 
jide or skin be taken olT, wc (tndagreat mass 
of flesh, or what is leclinlL-ally called muscle, 
lieiog the substance whieh by Its power of 
coDltacliun enables the animal ID move. 
These muscles iniivo thu hard piirta one upon 
the other, audsogivethatslrengtbaod power 
of motina whicli renders the horiM so useful 
to us in the performance of those services in 
which wo employ them. 



And then, on aeparnlingnnd removing th« 
wholo of this tkiii and lleeh, you hare arrest 
series of bones, hard slruclures, boinid to- 
gether with ligaments, and forming the tiKul- 
uton which Is represented here. 

In that akeUlon there are a nunilwr of part* 
to he recognized. This long series of boniia, 
beginulng from Ihcskull and ending in ike 
tail, is cdled llio apine. and tbesa in front ura 
the tihs ; and then there are two pidra oi 
limbs, ono before and one behind ; aud Ibene 
arc what wo all know as llio fure-legs and tba 
hind-legs. It we pursue our resoatches Into 
the interior of this animal, wa tiod wltUia th« 
framework of the skeleton a great cavity, ur 
rather, I should sa^, two great cavities — one 
cavity beginning m thq sliull and Tunuio< 
through the Rck-bunes, along the apine, and 
ending in the tail, cuntaluiui; the brain and 
the apmal marrow, which are tstremely im- 
portant organs. Tiie second great cavity, 
commcnitlng with the mouth, contains Iha 
gullet, the stomach, the long intestine, and all 
thu rest of (hose inlernul apparatus which are 
essential for di^'estion ; and then in Ihe same 
great cavit.- there are lodged the heart and 
all the grea! vessels goincf from it ; and, be- 
sides that, the organs of respiratiou — tho 
iimgs 1 an,' then the kidneys, und the organs 
of reproduction , and so on. Let us now en- 
deavor to reduce tills notion of a horse that 
we now have, to some such kind of simplo 
e.tprcssiou as can be at once, and without 
dilUculty, retained Id the raind. apart from all 
minor details. If ImakealrausvorsesecliOD, 
that is, if I were to saw a dead horse actuss, 
I should find that, if I left out the details, 
and supposing I look my scctiiin Ihrough tha 
anterior region, and thr(nl,^'h Ihe rore-limbs, 
1 should have here this kiud of secllun of the 
body (Fi^. 1). Here would lae the upper part 
of the animal— that great mass of bonert thai 
WQ spnko of ns the spine {a. Fig. 1 ). Here I 
should have the alimentary canal {4, Fig. 11. 
Here I should have tho heart (e. Fig. Ij ; and 
then you see. tliere would beakindof donbla 
lube, tho wliolo Ireing inclosed within the 
hide; Ihe spinal marrow would be placed in 
Ihe upper tube {a. Fig. 1), und in Ihe lower 
lut>e(i. Fig. 1) there would be IbBnlimeolary 
canal and tbeheait ; and here 1 shall have tin 
le^s proceeding from eauh side. For ^m- 
plicily's sake, I represent them memly as 
stumps [e e, Fig. 1). Kow that is a horse— as 
mathcmulicians would say — reduced lu its 
must simple expression. Carry lliat in your 
minds, if you please, as n simplifled idea of 
tliB structure of the horse. Tho uonsidera- 
tions which I have now put before you be- 
long to what we technically call the " nnttt- 
omy" uf the horse. Now, suppose we go tu 
work upon IbeseaeverHljMirls-fleBh aud hair, 
and akin and bone — and lay opeu these vari- 
ous organs with our scalpels, and exumina 
them by means of our magnify iug-glaates, 
and scH wliat wo can make of them. Wa 
shall find that Ihe flesh is made up nf bundle! 
of strong Iltirca. The bruin and nerves, loo, 
we shall find, arc made up of flbrefi, and 
these queer-looking Ihlnga that aru c^ed 
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gBngllooie corposulea. It we tnko n tlice of 
the honu nod examine i(. wfsIihII find ttiul it 
Is very like llih dUgram. oF a acctiun of ilio 
baae of an oBlricTi. iliijugli diftetfni;, of 
eourge, ID Bumo details ; >ind if wo Inku nny 
part wliuUouvcr of tliu Ii3«ne, nod txaniiiic 
il. W0 Blmll flad ILbII liiuii minute fclnirliitc, 
Tistlile ouljuutiLTiliiiralcruBcope. All IlicEC 
purlB cousliluic microstopiu unaioniy or 
"'IltntQl'iify." Tliuso pariB nrc coiislatiUy 
l«iuS chaogud ; enry pait it couBlnnlly 
growing, duciiyiug.uiiilbcliijcicplnceddurlDg 
tbo Kfe of the aaimal. The iIb^uo ia cua- 
ahUtUy replaced liyucwmuleiinl ; Bnd if yon 
gn luck lolliuyaiiMK elate cillliu liBSUoiuIhi} 
niae of muscle, or in iliecasc of bkln, or any 
o( Ibe organs IliiLvemeulioned.yoii will Bad 
that Uiey all crime uoiler llic Eome cnnditlon. 
Every OQts of llii^su mioruscopic Hiamcnta 
and fibres (I now jpeak merely of the gen- 
eral eharacier of tbo wliole proeesB)— every 
one of Ibi-KC partx — unuld lie ttar.trd down lu 
lume modiflenlioQ of a lissiie wliicli oin be 
rendilf illvided into little purlielts of Uusby 
Her, of lliiit Bubslante wliidi is computed 
of the (Jieraical elemeuls, caftiiiti, hydrogen, 
oxygen, nnd nilroceii, liaving surh a Fbajie 
M this (l''ig. 2j. These pariiLlca, iiilo whioh 




•II primitive tiKsues break up, are called cetls. 
If I were to make a seclinn of a piece of Kio 
) of my hand. I ebuuld find ibat it wm 
le up of Ihcxe uflls. If I esumine Ibe 
___eB which form llie TiirioiiH orrana cf nil 
UnngBniauila, 1 hhuiild find tbat all of them. 
U one time iir other, had been formed ou" 
of ksiibstoncecoiiijiHliug of similar elemcQts ', 
■oUiuiyou see. joBt Bsweredutud the whuU: 




lbngn»<i< tiUmtiioit of simple e 
giM II ill rig. 1, BO we may iiila 
u of Ibe miiiioseijpio Btiucluriil ele- 
H form of eten giniier Bimplicilv ; 
jutit ua the plan of the wliole liorly innylic 
ao represeuled In a Hensc (Fig. 1), 80 the pri- 
niiiry Biruclure of every licBue may be lepio. 
BCMled by ft moES of cells (Fig. 2). . 

Hiiving thus, in this aoit of general w 



(what wo terra teebnically its roorplioliigy}, 
I miiBt now turn to anolher aspect. A tioita 

living, working mncbine. Hitherto we Imvc, 
as it were, betn looking at a Btenm-eDKltie 
Willi tbo flieB out. and nothing in the bojier, 
Init Iho body of llio living animal is a braii- 
lifnlly-formcd active mHehine, andevery part 
has its difTerent work lu do in the woiklng 
of tliat machine, whicli iewbat wo call ila 
life. The horse, if you see him after his 
day's work is done, is cropping the gruss ii 
the tields, as it may be, ormuncliing the oali 
in his stable. What is he doing f His jaws 
arc worliiag ub a mill — and n very complex 
'ndiog llio corn, or ciuBhbg the 



the stomucb. and there it is mixed wiUi the 
cltcmlcitl tltiid culled Ibe gHBtrie juice, a anb- 
Blnnce wbiuh baa (be peculiar propcit.f of 
making soluble and dissolving out the nulri- 
lloux mailer in ihu gtaB!!, and leaving behind 
IhoBC parts which nic not nutritious : so that 
you have, first, Ibe mill, llienasort of rbem 
icai digebier ; and then Ibc fond, ibus par- 
tinlly ^isBOivrcl, Is cairied Inck.by tbo mus- 
ciilnr coniraclions of iho iiiicflinc-s iulo iIm 
hinder parlit of tbo body, wiiile Ihc aolnlile 
pill liana are taken up into the blood. Ths 
blood IB conlaineil in a vast system of pipei, 
spreading through the whole twdy, conneclMl 
wiLli afoice-pump — Ihe heart — wbicb, bj- ila 
position andbylbeconliaclionsof ila valvhi, 
keeps the bloiid conslitnlly circulating in od« 
direction, never allowincil loiest ; Endllien, 
by means of Ibis drcuhitian of the l>loud. 
lade:! ns it is with the products cf dij^sticn, 
Ibe tkin, llic flesh, the bair. and every olliei 
pill t of lliu tiody. diawB from il ibatwhiidi 
it u'linls, and every one of ibc!ie. organs da- 
tives IboEo niaterials which arc necessaiy ta 
Lnable il to do its wnik, 

Tbe action of each of these nrgans, the 
perfoimauco of each of these various dotieii, 
involve in their operation aconiinunl absorp- 
tion of tbe matters neccfEary fur Iheir BUp- 
purl. from Ihe blood, trnd a constant form*, 
i.m of wutic produi-ts. which are i«iiiruetl to 
tbe blood, and conveyed by it lu tbe lung* 
and the kidneys, whiih are organs that have 
aliotied to them tbo office of exiraclitig, sep- 
aiatlng. and getting lid of these wade pru- 
diicls : nnd thus the general nouiisbmeat. 
litbor, and repair of tbe whole machine la 
kept up with order and legidaiity. Bnt not 
only is it n mncbine wbitb feeds and appio- 
priales 10 its own Fiipport the nouiishme&t 
necessary to ita exisience— it Is an engiM 



for tocomol'iTo puipOECB. TLe hnrse dcBirrs 
to go ftom one pluce Id nnolliur : and to 
cnubte it to do Ihia, it hsa iIiukc (Lroui; ton- 
IractilD bundles of muscliis aiiQcbed lo ILiq 
botiesuf iiB litiiba, 'wijtcli ure iiiit in motion 
by mctns of a sort of lelegrapliic apputulua 
funiietl by ibo brain und Ilie ^reat Bpinal curd 
runuiug ibrnugb llic epiaeor backbone ; mid 
tn this Bpiual curd are aicached a niiiiibcr uf 
fibrcH tetraed netrca, wliicii procctiJ lo all 
parts of Ibn structure. By means of Ihcao 
Iha eyuB, nose, tongue, luiil sliiD— all tliu or- 
gnna of perceplion — iranimil impresBiona or 
setisallonB to Ihu brain, which acts as a sort 



impressiona and aeudiDg nicssa^ea to 
parts of the body, and puttinf; in motion lue 
imucies necessary to accomplish any moTO- 
ratut llial muy Im) deuired, S.j ihut bero you 
ha»c ac e^ilrouieiy complex nud liesutilully- 
proiwrtioiied niachiiie, Willi all its paila 
working harmoniously toi.'eltjer toward odq 
commou object— the preservation of the lite 
of the flnimal. 

Now, Dute this : the horse makua up its 
waato by fefdiog, and its food is grass or 
oMs, OF pettmps other vi'gulable products ; 
therefore, in IhQ long run, the source of all 
ihis ciimpleJ! machinery lies in Ibu vegetable 
klDgdom. Eut wbero does the jcruss, or the 
oat, or any other plant, ublain ibis nourish- 
in;; foud producing material ? At fltst it is 
a little seed, which souu begina to diaw iulo 
ilaelf from the earlli nud tliu surrounding air 
roatlera which in themselves contain no vital 
properties whatever ; h absorbs iulo its own 
subslancu water, an iuor^nlc body ; it 
(It^ws into ita subslnuce caiUouic acid, aa in- 
organic matter ; and nmmonia, another in- 
organic matter, found in the nir ; and then, 
))y Home wonderful cheinicul process, the dc- 
laila of which ehemials do not yet under- 
stand, llioiigh they arc near foreshadowing 
■ hem. it cuiublues them into one suhslunce, 
which !a known to ua as " proteiue," a com- 
pies, compound of caihuo, liydrngen, 
oxygen, and niitngen. whicli alone pu&Geasea 
tlie property of manlfcslin;; vitiilil^ and of 
permanently supporting aiilmiU life. Ho 
thai, yun sec, the waste products of the ani- 
mal economy, the effelu malerialB which aco 
oontioually iKiing thrown off by all living be- 
ings, in the form of organic mallera, are 
constantly replaced by supplies of the necea- 
sary ru]iairiui;andreliaildingmatenalsdrHwn 
from the plants, which in their turn manu- 
facture (hem, so to speak, by u myslcrtous 
comtiiiuLiDn of those same tnorgauio mate- 
rials. 

Ijf t us trace out Ihc liistnry of the linrse in 
another direction. Aflijr iicciluio Lime, aa 
Ihe result of sickness oi'disease, the effect of 
accideat, or the consequence of old age, 
moner or later, the animal dius. The mufti- 
ludiuous operations Iff this lieiiut if III niechan- 
ixm flaf in their iierCormaoce, Iha bunm luiies 
its vigor, and after piiaaiug through llio curi. 
ous series of chan^'es conipiiaed in its forma- 
tion and preservui ijjn, it finally decays, and 
'Lslife by going l«ck into thai inorgaoic 
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world from which all l>ul an inapprecIaWo 
fraction of its siliislaoce was deiivoil. Ill 
liooea IwMinie meie carbonate and pli.ispliutu 
of lime ; the tuiitter of itsili^nh, nnil of lit 
other parts, lieeomcs, in the long run, con- 
verted into cnibonic acid, iutij water, null 
Into ammonia. You will now iwrhaiw un- 
derslnad the curious relation nf the uniinal 
with thu plant, of the an;nnio with Ihu itk< 
organic world, which la shuwu iu Ihia dia- 

The plant galUera these Inurganlcmatertala 
toeeliier and makes them np into Us own 
su))stance. The auiniul eats the plant mnd 
appropriates Ilia nulriiions porllons to ]la 
own Bustenancu, rejects and gels rid of Iho 
useleaE matters ; nud, Qniilly, the animal it- 
sell dies, and ila whole body is decumpased 
and rclurncd into the inorgiinic world. 
There la lltui a constant circulation from one 
to the olliei', ii continual formation of or. 
ganic life from iaurganic malluis, and ■■ 
cunslnnt a return of living bodies to the ]n- 
or^iinlc world ; so thai Ihe materials of which 
our bwlies are cornposod are largely, in 
prokiblliiy, the substances which cimstUtited 
lite matter of long extinct creHli.jtis, but 
which have in the interval constituted a put 
of iliB inorsaniu world. 

Thus wo come to the conclusion, etrai 
nt tirHt sight, that thu matter ronelitutlng tEb 
living world is identical with that which 
forms the Inorsfunii! world. And not less irao 
is it lliat, rcntiirkablo as are llie powers, or, 
in other vvni'ds, as ore the forces which an 
exerted by^ living lielngs, yet oil these forcea 
are cither identical with those whicli exist in 
the inorganic world, or they are cnnverUbh 
into them : I mean in jnnt l!io same seniN 
The researches of physical philosophers bava 
HhoivnliiBtheut is convertible into electricity, 
that electricity is convertible JDlu magnetism, 
mugnetisin into mechanical force or chemical 
force, and any one of them into Iha other, 
each being nieasurablc in terms of the other 
— even so, I say, that great law ia applicabls 
lo the living world, ('onsider why ia the 
skeleton of this horse capable of supporting 
the masses of flesh and the vatioua organil 
forming the litiog body, unleiis it ia becauae 
of the iicti'ju of Ihe same forces of cohesion 
which combinea logelher Ibe puilicles of 
nmlter composing (bis piece of chalk t What 
1b tbcrt! in the muaciilar contractile power 
of the animal but the force which is rxprew- 
ililc, and whiah is in a certain sense rouverl- 
ible, into the force of gravity which il ovei- 
cumes f Or. if you go to more hidd»n pro- 
cesses, in wliut does the process of digesilon 
diifi!r from those proccfseawhich are carried 
on In the laboratory of the chcmisl f Even 
if wo lake the most recondite and most com- 
plex opetalious of nnimal life— lliose nfUiA 
nervous syalem, thunucf lalo years have b 
fchnwn to be— 1 do n>it say identical In aor 
KL-JiHB with lliB elcctiieal processes — but Ihn 
baa lieen shown, ihnl Ihc.v are in some Roy 
or other associated with them ; Ihnlis loa^, 
tbateccry amount of nervous arllon te tc- 
cunipanieJ by ti ceituin amount of electrical 
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(lisliirbaflca iA (ho pfttHeles fit the nerrps In 
wliicli tliHt Borvoiis aclton iscniiiiil (in. In 
Ibis WiijiUieDPrvuusucliimisTtlHli'dlJitic- 
irit'ilj' ia iLe aame wuy lliallR'ul ia ifliiltil to 
I'IfClricily ; ami I lie siinio sort at nrgument 
wliicli demnDBlnil(.'.i (ho Iwo iBllcr lu lie ru- 
liiied to one anollier Ebows Ibut Itiu ncrvcua 
lorces ate iMtteUini to eleclriciiy ; for ILe 
i-xperimeota of M. Dubdii Rejmonit uoil 
iiiliers have sbown rbiit whenever a nerve is 
in n sLale of cxcitempnt. ecndlut; a nitfSD^u 
tollie muscles or conrcyjn^ an jmpie.t.-iioii 
lutliebialn, there is a ilislurbance of Ibc 
elcctriea) cnndiljan of that uerve wblali docs 
not exist nt other times: and there are n 
number of other faclR and pliettoineuii af 
Ihnt sort ; so that ne come to Ibe liroad con- 
clusioQ Ihut not oniy ns In Ijring mntter il- 
aelf, htitnstolhe fori^ea ibat matter exerts, 
there is a do^ relaiionsbip between the or- 
ganic and the iniireiinie world— the dJfTereni'B 
between them arisinR from the ditriTBC com- 
biaatian and dispoeilion of Idenlicnl forcea. 
nnd not from any primary diveisity, so far 



(irp:nnin c^iibstancsa from wbrnee all but an 
" lapiircriable fraeliiin ot ita subBtanco de- 

I'.tnlmblj originated, so that lbs aclunl 
wanderinss of mutter are ns icmarkable as 
' fill! Iranaml^rRlions of Ibe sold fabled by In- 
lititn iradlU'in. But Imfoto death lias ot-- 
ritrred, in Ihn onn aesorlho oilier, anil in 
favt In holb, certain praduels or pnits of the 
nrguniEm bnve liccn Kel free, certain partH nf 
the.irenniemof iheiwo sexes have ciitne Into 

iDlact with ens Biiatlier, and from that 

injunntlon from that union which llien 
Vtkat place, there rngulta the formation of n 
new being. Att>lated times llio mnic, fciim 
n particular part of the inleriut of licrbudy,, 
CMlled theoTBiy, gfta rldof aniinule puriielc 
of oatlrr comparable In all casenlial reepiccts 
with that which we called a rcll n lilUo while 
eincc, wbieU ceil cuniaias n kind of nucleus 
itt Jlacenlie, surrcundtdbyiirlFar space and 
by a Tlscid maiiS of prntdoo anliBtance (Fig. 
2) : and lliongh it is different in spiiearance 
from the eggg which wearcmoEllvaCfiua'nt-. 

"" with, it is really an e^. After a time 
I uiiuulu particle of matter, vbich may 
only be ii email fraeliiin of agrnin in wfc|u;lil, 
~iuui'rg'')ei$ a sciiesof cbangea — wundeirul, 
■omples cbflDgei. Unnlly. upon lis auifaoii 
Jitre is fni-hidned a little elevallun, whicU 
nfuiwuio b( eiiuied d'vidiiri und marked by a 
groove. Tije lalerni boundaries of liie groove 
extend upwuid anddownnnid. and at leuglb 
j-lverisi- In a ilunble tube. In ilie upper 
smaller tube the Fpinal marrow and liruin are 
fashioned ; in the lower, ibe alimcnlary 
' THtmi and hcait, and at length two pairs of 
l>tid8 shiiet out at Ibe aides of the boily, 
'vliich Hte the rudiments of The limbs. In 
,^ct a true drawing of afieclloD of Ibe tm- 
nyoiethis btate would in nil eSECnliul le 
• ipectfi resemble Ibsl diagram of a borse re- 
. iiioed t(i its sinipleet rxpiesgion, wbicl; I first 
.iloced before you (Fig. ]). 



Blowly and gradually Ibeae cbanges take 
plure. The wiiole of the in'(iy at tir^t can 
111: broken up Into " cells," which bwrme in 
cite place incinmorpbn««d into muccle — in 
anolbcr place Injo gristle and bone — in an- 
other place into fibrous tlaene — and in un- 
olber into hair ; every part beccming grod- 
tiully and elowly fashioned, na if ibcie were 
iin atliflcer ut woik ui each nt these eumplet 
sirui'lTirea that we have mentioned. This 
tmliryu, as it is called, then pafscs into other 
cmditioDS. This diagram represents the 
embryo of a dog ; uod 1 sliouUl tell yi>tl IbaL 
tliGie is a lime wben the embryos nf neilber 
dog. nor borse. nor porpoise, nur mcinkey, 
unr man, can be distinguisbcd by sny cpfcn- 
liiil filature one from the oilier: Ibcio is a 
lime wbi'n Ibey each and all of thtin rcsem- 
lOo this one of the dog. ButusarvelupmeDt 
adiuuces, all llio putts acquire their 
specially, till at leDglb yiiii have the emltryo 
conTerledinto Ibe form of Ibc parent from 
which it Slatted. So that ynn see. Ibis liv- 
ing animal, this horse, bt-gins its cxislence 
as a minute pariicle of nitrogenous matter, 
which, beluc supplied with nidrimcnl (de- 
rived, us X have shown, from the inorfunie 
world), grows up according to Iho Bpecial 
type and cimslruclinn of its parents, worki 
and undergoes a cnustant wtisic, and tbol 
waste is mode good by nutriment derived 
from the inorganic world ; the waste gircB 
eft in this way t>cinsdiiectly added to the !n> 
organic world ; an a even In ally Iho aninial it- 
self dies, and, by the process of di'compo. 
sltion. its whole body la returned tr) thorn 
conditions of Inorganic matter in which its 
Bulislance originaled. 

Thin, then, is that whicli is true of every 
living foim. from the luwcKt pbtnt to Iha 
highest unim^ — toman himself, Ynn might 
deHno the life of every one in cioclly th« 
Kume terms na those which I have now used; 
tlic differencu bctwetn the highest and Iha 
lowest being niinply iu the complexily of tha 
dovelopmcnlid cliant;c!>, the vatlely of the 
struclurul forms, the diversity of Ihe physiU' 
logical functions which ate exerted by tmch. 

If I were to lake an oak tree as a specimen 
of the plant world, I ^bould find ibat it orig- 
inated in an acorn, which, loo. commenced 
in a ceil : the acorn is placed in the grnund, 
and it very speedily logins to absorb the la. 
organic mnllcrH I have named, adds imur- 
mously to its bulk, and wo can see it, year 
after year, cxtcuding ilself upward and 
downward, attracliuj^ and apprnpiluling to 
r.self inorganio maleriitis, which it vlvitltia, 
atid eventually, as it ripens, gives off Its own 
proper arorus, which again run Ibu same 
course. But I need net multiply exauiples 
— from the highest lo lb« lowest the essential 
features of life ars Ibe same, as I have d»- 
scribed in each of these cases. 

So much, then, forthese.purticularfeatures 
of the organic woild, which you can under. 
stund nnJ coinprEhcnd. ea long as you con- 
fine yourself lo one sort of living being, txjj 
study 111 at only. 

But, as you know, horses are not Uic onl; 
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flTioi; crcrlurca in Ihe Torto ; aoa again, 
faoi^e-', like all oilier ntilmaU. have certain 
limits-— ara confined to h certain orcn (in llie 
surfncB of llie cmlli on 'wliicli we live — and, 
aslliaC is Ihu slmplcrmKlter, I may lake that 
flcaL lu ila wild Blale, Hnd before tlic 6is- 
covery of Americo, when Ihe natural Elate of 
Iliings wiia Inlerfertd 'willi by llic Spaiiiurds. 
thelioieo was only to be found in patiB of 
Uieearlh wliidi ura known to geographers aa 
Uie Ohl World ; lliat U lo Bay, yuu might 
mKUl Willi horsfs in Europe, Asia, or Africa ; 
buL ilierc were nonu in AiiBtralia, ami Iheru 
wore none whnlHOcverin thDwhuleconlmcnt 
of America, from Ijobrador down lo Cajie 
Uorn. This la an empirical fact, and U is 
what la called. Elated ia Ihe way I have giv- 
ea U you, llio " geographical dIslTibulik>u" 
of the Ivitim. 

Why horaes ahoulil bu found in Europe. 
Asia, and Africa, and not in Americii. ia not 
obvious ; Iho explBoation tbuttlie condiliona 
oT life iu Anieriia are unfavorahle lo Iheir 
eKisteii(.-(.', and ihut, therefore, Ihey had mil 
hetn eieuted then.', evidently duea iwt ap- 
ply ; for when the invading Spaniards, or 
our own yeomen farmera, conveyed horaea 
to these countiies for their own use, tliey 
were found lo thrive well and multiply very 
rapidiy ; and many are e?va uow running 
Wild in ihnae couotriea. and in a peifcclly 
aaturut coiidilLon. Now, suppoae we were 
to do for every animal wbiit we have here 
dune for Ihe hoifie— Ihat is, 1 1 mark oil and 
dieliniiuish the particular dialrict or rej^ou 
to which catli bulonged ; anil Huptio^ii);; ive 




lahtilnlcd nil Ihoso rcsuUs, lliat wmdd bo 
callml Iht! guograpliical dislrlbulion of nui- 
mnls, while It corresponding sludy of planta 
would yield us n rctuU Ihe gengruphioal din- 
iributiijn -of plants, 

I pass on from that now, as I merely 
wisliad lo explain t(i yoii wluit I mmnl l)y 
the use of llielerm " geographical dialllNi- 
linn." Aa I suid, there is another aspect, 
and a much more important one, un<l Ihal is. 
the relidioiis of the various anirnula to on* 
tt^tother. Tbo borsu is a very well-dedned 
inntter-or-fact sort of animal, and wo are all 
prelly familiar with its Blrui-lurc. I dare 
say it may have Biruck you that it resiiiu- 
liU-3 vury much do other member of the ani- 
mal kingdom, except pcrliaps the zebra vr 
the ass. But let me ask you lo luok iilong 
these dlui;rama. Here is the skeleton uf Iha 
liorse. and here the skeleton of the dog. 
You will nolice that wc have in the borse a 
skull, n backbone and ribs, shoulder-blades 
and 1 launch- hones. In the fore limb, one 
ujiper-arm bouc, two fore-arm bones, wrisi- 
boucs (wrongly called knee), and midills 
lian'i-bones. endini; in Ihe three, tmnea of a 
linger, the tnst of wLicii i« sluuthed in llie 
hiiiuy hoof of Ihu fore-loot ; in Ihe lilnd- 
limb, one thigh-bone, two leg-bones, aukic- 
bunes. and middle fool-boncE, ending in (be 
Ihieii bones of n toe, the last of which ts in- 
cased in the hoof of the hiiid-fobt. Kow 
turn to tbc dog's skeleton. Wc find identi- 
cally the same bunw, but more of them, 
there being more tof^s in each fool, and hf^nce 
moro toe-bones. 

Well, Ihat is a very curioua thing 1 The fact 
is that the dog and the horse— when one gete 
a look at Ihem without the outwaid impedi- 
ments of the skin — are found to bo niaoe in 
very much Ihe Eamo Bi>rt of fa&hion. And 
if 1 were to make a Uau^vcrBO Ecclloaof Ihe 
clog. 1 bhould Hnd the same organs that I 
have already shown y(,u as forming paits of 
Ihe boite. "Will, heie is another hkijcton — 
that of a kind of lemur— yuu sea lio bua jiirt 
the same bunes ; and if I were lo make ■ 
transverse seclion of it, it would be just the 
same again, lu your mind'a eye tuiu him 
around, so as to put liis backhuno in a 
poailion inclined obliquely up watd and for- 
ward. juEl HS in the next Ilirce diagiama, 
which represent Iho skiletdcs of un irang, 
n cbiiupanzcc, a gorilla, and you find ybn 
hnve no' lioublo m iilenlifying llic bbnes 
iliroughout ; and laflly. loru lo Iho end i,t 
ihe Berles, Ibe diagram reprcBcnilng a mnn'l 
skeleton, and still you find nu great Elrucln- 
ial fcAtuiu esseiiiially altered. ThcrcHiBlho. 
same l^oncs in Ihe sumcTelnliMis. From lbs' 
horsQ wu paEB on and on, with gradual Blepiti 
tinlil we nnive at last at liio liiuhest kDOWa; 
foims. Un the other band, iLifc il" i IliaC 
line uf diiigraniB, and pass frin lU' h'lM 
downward in tlio scalulo thisfiali ; bud btiU, 
lliougb the modiflcaiions are vuBtly greater, 
the essential fiamework of Iho orjfaidz&UoBi 
lemaloa unchanged. Here, fur Insisjuie, !■> 
porpoise ; hero is its strong buckbona, widi 
ilieciivily iitnuing Ibroiigu It, wliicb coo- 
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Uina Ibe spinal uiril ; licra ure the ritiB, here tr> tIiosk R- 
Ihc f^boulder-bludc! ; Iitic is Ihu liulc iilioit 
niiper-arm bone, here nrc Ibo two fore-aim 
boues, lUo wtist-l)one, and llie fliiger-bontB. 
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a fliippct 

(bs it Is CRlled)— the same fiiixlameDlal dt- 
nents as the fore-leg of IhubcTse or Ibe dng, 
or the npe or man ? anri hero jiui ■will nolicu 
a very ciirtous thing— Ihe hinder liinba flio 
abeeiil. Now, lei ua mnke another jumiv 
Let UH go to the codfltih : huie joii ece is the 
foru-arm, in Ibia large pcctornl fin— i;arr;Fiuc 
your mind's eye onward frcm Iho fliipjitr lA 
tbc porpoise. And hvro yoii liurc Ibo bindL-r 
limbs resUircd in the shape of thc^c ventrnl 
flus. If 1 were to make a transTerse ^ecliun 
of this. I should find Just the samo orintus 
Ibst we have before nolicod. Ho tbot, ynii 
seo, there comes out this strnn^e cont'lusion 
ns the result of our investicstions, that the 
horse, ■when examined antl compared with 
utbcr animals, iafoiitiil by no means tn btaud 
nluue in naiurc : but that there are an 
euormoua number of other creatiirea which 
hiirc backhoncs, ribs, and legs, end ?ther 
pHits arranged in the same general manner, 
HDil in uti their formatioaeshibitiujrtbe same 
broad peculiaritiGS. 

I uni sure that you cannot have followed 
me even in this eytrcmely elementary expo- 
sition of the structural relations of animals, 
«riUioat Bceing wbnt I have Deen driving at 
nil through, which is to show ymi that, step 
by step, naturalists have come to the ideii of 
a unity of plau, or conformity of construe 
[ion, Jimoug animals whichappeared at first 
sight to be extremely diseinillar. 

And hero you huve evidence of Buch a 
nnily of plan among all the animals which 
haPe baekboneH, and ivhicb we lecbnically 
cull VertebraCa. But Ihcro are multitudes of 
OtheritntmalB.sueb as crabs, lobsters, spiders, 
and BO on, which we term Annalosa. lu 
Ihsse I cuuld not point out to you the parts 
Ibat correspond with those of the horse— the 
IwebbonE, for instance — us they are con- 
siructed upon a very different principle, 
which is also common to all of them ; that h 
Id bay, Ihe lobster, Ibo Epidcr, and the centi- 
pede have a common plan running Ibrough 
ibeir whole arrangement, in .just the sumo 
way that the horse, the dog, and the purpoiso 
sEElmilaie to each other. 

Yet ulhcr creatures — whelks, cudteflsbes, 
oysters, snails, and all Iheir tribe (MoUtuea) 
— resemble one anolherin the sume way, but 
differ from both Verlebi-atn and Annulaia ; 
and Ihe like is true of the sniraals called 
CoAenSerala (polypes) and PTO^iieoa {animal- 
cules and sponges). 

Mow by pursuing this sort of unmparison, 
nnturalisls have arrired at the conviciion 
Uiatlhere are— some think five, and some 
■evrn — but certainty nut more thau the latter 
number — and pcihaps itis simpler to assume 
■ Are— dislincl plans or consttuclions in Ihe 
wbnle of the animal world; and tbit the 
hundredsof thoiisundsof specicsof creatures 
Ml tbc iurface of the earth are all reducible 



1 we gn no farther than that I 
When one has p^ot so far, one is tempted til 
|:ii on n btrp and Iniitiiru whether we cannot 
■gn biicit yet farther undbring down Ihe whole 
lomudifienliunsof onoprimordial utilt. The 
Mnatomist tiiooot do Ibis ; but if ho call 1 
his aid tbc study nf development, he c 
i1. For wo shall find thai, distinct as 
pliins «ie, whether it be a porpoise or 
or lobster, oranyuflboiieothcr hinds 1 havD>f 
mentioned, etery ono begins its existtnco 
with ono and the same primiliro form— that 
of l!:3 Fprg, c^naisting, as wu liavo seen, of a 
nitrogenous eubsiuuce, having n small par- 
llcle umuclcuH inibe centre of it. Fuilher- 
moie, the earlier choncea of each arc substan- 
tia! 1y tbc ramP. And it is in this that lies 
thai true " unity of organization" of Ihe nn- 
imal kingdom which has bren guessed at and 
tancivd lor many ycurs ; but which it h.ir 
been lufl to the present time tn be demon* 
strated by the careful study of dovelopmenl. 
But is it possible \a gr> another ^Icp farther 
Blill, and lo show that In the same way tho 
whole of Iho organic wcrld la reducible to 
<mc primitive condlliun uf form! I^ there 
nmon^ the plants Ibe sameprlmiliva fcrm iif 
organizalioo. and is that iaeotlcal with Ibut 
of Ihe animal klnj-dem? The reply lo that 

Jufstion, loo, Is not uncertain or noublful. 
t ia now proved that every plant begins ila 
existence under the Fame form ; that is to 
suy, in Ibat of a cell— a particle of nilro- 
genons mat Icr having subBfiintially the same 
conditions. Hothat if youtnicu buck Ibe auk 
to its lirst germ, or a man, or a horse, ur lob- 
aler, or oyster, or any other animal you 
cbuose to name, you shall find each and alt 
of these commencing their eiiistence in forms 
essentially similar to each other ; and, fur- 
Ibermore, that the first ptoeesses of growth, 
and many of tbc snbseciuent modiflealione. 
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in a few words, ro- 
which I have laid 
. understand that I 
leru theory ; I have 
H -which are nsplaiuljr 
t prupoaillon 



capilulale Ihu positions 
down. And you must 
have not been tBlking n 
been Epeakiugof matte 
dcmoustrabio as Iho CI 

of Euclid— of facts that must form Ihe baiis 
of all speculations and beliefs in biological 
science. We bavegradually Irnced down all 
organic forms, or, in other words. t;o have 
analyzed liie present condition of Knimatctt 
nature, until V'c foimd Ihat each speeies 
look its origin ic a foim similar lo that un- 
der which all Ibe others commence Lhcir ex- 
istence. Wo have found tho wh^lo of Ihe 
vast array of Uvlng forms, with which wu 
are surrounded, conslainiy growing, increas- 
ing, decaying, anddisippeiiring : iheanimui 
constantly attracting, modifying, and opply- 
ing to its sustcnanre Ihe mailrr uf Ihe vege- 
lablo kingdom, which derived its support 
from the uhsorplion and conversiun of in- 
organic matter. And so constant and nni" 
Ysreal ia thin absuipliun, waste, and rcptu 
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duetluQ, thut it may be wid wiih nurf wt cor- 
luiuty Uml there is left in nn uoe u( our 
bodii:a !it llie pieBcnt momeut n niitUuDlb 
part of Ihciiiallprof wUiclitiity were orjiiin- 
b1!v formi:!! 1 Wo liave secu, ngnia, lliut nut 
only ia llie lirine tnalKT ilurivoil t'lom tlic 
io organic world. Diit lliul tbefurces uf tiint 
mniu-r nre ull of Ihcm comilutiri] wiiU aai] 
COQVEiUblB into lliosu of iaarganit: naluri'. 

This, for our jiri'sent piirposw, is lliu best 
view of the ntesunt ciinillUuii of uriniiiio na- 
ture vBh;c'Ii I can lily before you ;' it j^ives 
you I lie great oullmcs of n Tost plciiirc, 
■wliii'Ii you must fill up by your own oludy. 

In liic next lecluri! I shalt endeavor in Ihe 
onie way to go back iniu iIiq piift, auil tn 
Aetcli ia the same btoiid iniinner ilie histoiy 
dBFfo in tpoch^ preceding our own. 

LECTURE II. 



TUB PABT CONDITIOR 

In the leclupB wliicti I lieUvEred last Mun- 
day evening I eDiluiivured to ski^lcli iu a vtry 
liiiof iiiumiur, bulaa well as Ihu timu at my 
disposal would permit, the dfcbl-dI condillnn 
of orgauic nature. mi.itnmg by that large lillo 
simply an indicaiinn ot Iho great, broad, and 
jciieiul principles which are to bo di^euveied 
by tiinse who Ij'pIc attentively at the phe- 
aiumoua of organic nuliire as nt present dla- 
filayed. The generui result of our luvtaligii- 
^003 mijfht be eommerl iip(l)Uj:we found 
lliat llie muiliplicity of the fnrins of aulnial 
Bfu, great as thai may he, mny lie reduced to 
n comparatively few iirlmilire plana or types 
of cuustructlnu ; that a further study of the 
de»elupuiont of thoao different forms revealed 
tu us liiut ihuy were ajj;aiu ledudblc. uutil 
wuullHSt brought the inflnilo diversity of 
animal, and even vegetable life, down tu tlie 
primordial form of a siagta cull. 

We fuuud that our analysis of the orgnulc 
wnrlii, whulliur animals or plants, sbiiwed, 
in Ihs long run, Ibat Ihey might biilli lie re- 
duCi'd Inlo, and were, iu fact, cumpoBed of 
the Bume couslitucnts. Atid wo saw that the 
ptnat nhlaiucJ Ihe mateii.ild ooiistitutlug its 
BuiiataoeQ by u peciiliar coiuhluulloa uf mat- 
ters belonginK- cnliruly to Iho innrganlc 
Vorld ; that, then, the animal was constantly 
appropriating Iho nilrog£noaa mailers rjf tlia 
plant 10 its own nouiishmeul, and relurolng 
Ihombacklo the inurijauie world, in what 
we BpokB of M lis waslc ; and that, flnalty, 
when tlie animal ceasad to eulst, the consUt- 
ueutaof its biidywcrc dissolved and traus- 
milted to that inorganic world whence they 
lialbecnat first abstracted. Thus wo saw 
in hjtli the blade uf :;iass and Ihu horse, but 
the same elements differently combined and 
EtruTK'cd. We dlsr^jviTCii ac.mtinuul circu- 
iiiliy:i '^ iiig on— liii: pliuit drawing In the 
iltnicuL.-i of iii[>r^aiiic naiiire and combining 
them mti) food fur tin! aniiiml creation; the 
finimal liurrowing from the plaut ihy matter 
for its own support, givin}(off during its life 
produi:ls which ruluincd immediak-ly to Ilia 




conslitQcnt materials of the whole strTU.-tDi* 

uf bolhanimalsuud plants were lliuatelumed 
to their original saiirce : iLero was a con- 
Blaut pasB»;ni from one bIbIo oI tsiuti-nce Is 
another, and a reliirniug buck sguin. 

Lastly, when wu cudLavori.il Li form aciigii 
noti.mofthe nature of the forces exerc>Md 
by living belns». wo discovered that they— if 
nut capable ol being subjcclcd ti) thu aame 
minute analyais as Ihe consliluenta of thoRe 
beings 'tliemBelvea — that they were corrcU- 
liro with — (hat tlicy were the Cjuivaienls of 
Ihu furccs of inorganic nature — that tliey" 
were, ia the sense la which the term ia now- 
used, convurliblo with Ihcm. That was out 
general result. 

And now, leaving the present, I must en- 
deavor in thu same manner to put biifure joa 
the tacts that arc to be discovered in Uta, 
past history of the living world. In tho post 
conditions of organic nature. 'We have, lo- 
nighl. 10 deal wtlh Ihe facta of that hielulf 
—a history involving periods of time befora 
which our mere LiimuQ records eiult into 
utter figniflcance— a Idstory tho variety luul 
physical maguiludo of wlioto events cinnut 
oven bo foreshadowed by Iho history of hu- 
man life and human phenomena — a hisloi; 
of Ihe most varied and cfimplcx cliaracler. 

"Wo mujt deal with the history, then, In 
the flist place, aa we should deal with all 
otiier histories. Tho historical student 
knows that his first business should bu to In- 
quire into the vulidity of his cvidcuro, and 
the nature of Iho record in whicli the e?i- 
deiico is contained, that hu may he Rblo to 
form a proper estimate of tho correctness of 
the concimiioas which have beindrawn from 
that evidence. So, here, wo mu>t pacs, in 
Iho first place, to tho consideration of a maL- 
Ur which mu^ seem foreijin tn Ibo qutslioq 
under di.°cu»jian. Wu must dwell upon the 
nature of tlie records, and tho ciediliitily of 
Ihu evidence they conlain ; wu miibt look to 
the complctuncHS or incompleteness of Ihoai 
records themselven. before we turn to tliat 
which lliey conlain and reveal. The ques- 
tion uf the credibilily of ilie history, happily 
for US, will not require much cnualdorulloii, 
for. in this history, unlike those nf bumui 
origiu, Iburo can be no cavilling, no dISer* 
enees as to the reality and Irulh of the fttcU ' 
of wliich it ismnduup ; the facte state Ihe^ 
selves, and are laid out eleatly befors m. 

But, although oou of the greatest dlQoul- 
tics of tbu historical student is cleareil out ot 
our path, there are olherdillicullic.v—difficilt' 



with the crenteat difficulties of any oibei 
kinds of historical study. 

What islhisrecurd of Ihu past bisturj of 
the globe, and what are the questioua wliich 
are iuvolvcd in an inquiry into its complete- 
ness orincom till' leu ess ! Tiiatrecord Is com- 
posed of mud ; tmd the quealiun which ve 
have to invealignlo this evening reaolvesilaeH 
Into a qutnlion of (ho faruialiou of moi 
You mny lliick. perhaps, that tliis ia a yad 
alep — of almost from the ■ublima ta ttfl 




r!dl(.-u!ou9 — tnim tbe contemplntion of the 
hwtor^ of tliu iiHSt Hgee ot llie world's exisU 
encelo llioconsidemilriD of ihehibtoryof the 
rnrmnliOD of mud 1 But, io naliiti!, there ia 
iiutbiDg mean and unworthy of altentiou ; 
litcriii!! nolliingiiJiuulotJsor uonlempliblo in 
un/ of her wiirba ; audlhis inquiry, you will 
sjon Hec!, I hope, Inkoa na to Ihe very root 
aoil foundatiDns of our viibjeut. 

How. then, la mud funned ? Always, 
iHlh aome triHiug exception, which I Deed 
not consider uuw — Blwaya, na tlie rcBult of 
Ilie iiclion of water, wearing down and dia. 
integrating IhuHurfaceof Iheeurtliautl rncka 
with wbicti it cornea in contact — puuoding 
Hod grinding ^duwtt, und carrying ihc par- 
ticles away to plucea 'where they cense to be 
disturbed by tlua mecbanicul aclinn. mid 
where lUey can Eiibside and rest. For the 
ocean, urged by wind?, wusIjcb, as wu know, 
a ^on^ extent of coast, und every wave, 
loaded OS it l3 with particles of auni] anil 
.gravel as it hrealta npon ttieaborc, dacaBume- 
lliitig toward tho diainlegraling proci'sa. 
And Ilins, elowly but hurely, the liatJeKt 
racfcs are gradually ground down lo a pow- 
dery subelanco ; and the mudlhuB foinicd. 
cuaraer or flner, ns ilie case may bo. ia ciir- 
riod by the lusli of Uio tides, or currents, tilt 
it Tuacbca the cntnparatively deeper parts of 
Ibo ocean, In wbich it can sink to the bottom. 
Iliat U, lo parta where there is a depth (if 
abaal fourteen or fifteen falbuma, a depth at 
wliicli lliewfller ia, usually, nearly motion- 
leas, and in wbich, of uouibg, tlie liner par- 
tiuld of Ibis dclritiia, or mud, ea we call it, 
ulnka to Ihe bnttom. 

Or, again, if you take a river, rushing 
down from its uiuiiotain sources, brawUng 
overthe atonea and rocka that intersect ita 
oath, loosening, removing, and carrying willi 
It in iia downward course the pebbles and 
lighter matters from lis banks, itcniabcs and 
pounds down the rocks and eartlia in pre- 
ciaely the e<iine way aa the wearing action of 
Ilie sea waves. Tbe matters foriniui; the dc- 
puHitore torn from tbe luuunluin-ijidc and 
whirled Impetuously into llio valley, more 
slt>wiy over lheplain,IIienccinloibc estuary, 
and ftnm the estnary they uio swept into the 
Bcu. Tbe coarser and heavier frugmenia are 
dbvioti^ly deposited flrst, lliat is, oa sucn as 
Ibsfnrrcnt iiigiiis to lose its force by becom- 
ing nmidgam a ted with the sliller depths of 
" <Feriin, but tbe finer and lighter particles 
.._ (Urtitii fiirllier on, und eventually de- 
pof ilid in a deeper und stiller poiUi.-n of tbe 

it ileiirly follows from this that mud gi^ea 
LWHchrnnuiogy ; for it la evident that Gup- 
poHUg Ibis, which I now sketch, to be tbe 
Mii-bStiim, and supimsing this to be a a ust- 
line ; freni the wasbing acticn of the sea 
upon tbe rock, wearlag and grinding It 
down into a sedimenl of mud, the mud will 
be t»rtieddiiwn, and at length deposited in 
the deeper pints of tbia ^ea-bottcm, wbcru it 
will fomi a layer ; und then, while that flrst 
layer is hardening, other mud which is com- 
inK freui Ibc Funie source will, of course, be 



carrlrd to Ihe fume iilace ; and, ea it is quile 
Impnssiiile for it In get beiiealli Ihc layer 
already there, il deposits itself above it. and 
fiirnia aiiollipr layer, and io Ihnt way you 
gradually have layers of mud conclftnliy form- 
ing and burdtningouc above (lie oilier, end 
conveying u lecoid of time. 

It ia auecessary rceullor the operiitii' n i f ibe 
law of gravitation that the up|>e^llLll^l luvcr 
sbal' Lc tbe youngest and tbe lL>wc£t Ihe old- 
est, and that llio different beda shall be older 
at any particular point or siKit in exactly the 
lalio of their depth from tbe surface. 80 
tliut if they wero upheaved afterward, and 
ymi bad a series of lliesc diffeienl layers of 
mud, oonvcrted into saiidstone, or lieieftcne, 
ns the case uiicbt be, you might bo sine that 
(bo bottom layer was depusilea flrst, and 
Ibat liie upper layers wereformed afterward. 
Here, you see, is the first step io Ihe history 
— Ihisu layers of mud give us an idea of 

Tne whole surface of the earth — I Fpcnk 
broadly, andleuve out minor quuiificnli'ina — 
i^madeiipof eucb luytia of mud, so hard, 
Ihe majotily of them, thi,t we call them 
rfick. whether limestone or sandstone, or other 
varietita of loi'k. And, seeing that evny 
pait of tho crust of the earth is made up in 
this way, yi;u might think that the detereii- 
nation ot the chronology, the flxtug of th« 
time wbidi it baa taken lo form this crust, i« 
a comparatively simple matter. To take a 
broad average, ascertain how faxt tbe mud is 
deposited upon tbe bottom of tbe sea, or ia 
the estuary of ilvera ; take it to lie uu incl> 
or two, or threo inches a ytar, or whatever 
you may roughly estimate it at, then taka 
the total thickness of tbe whole feries of 
stratified rocks, which geologists etiimute at 
twelve or thirteen miles, or about sevi-nty 
thousand feet, make u sum in short division, 
divide the total thickness bythutof Ihequan- 
tily deposited in one year, and the result 
will, of couise, giveyou the number of ycura 
which Ihe crust has taken lo form. 

Truh'. that looks a very simple proceBsl 
It would be so except for certain diflleoltiea. 
the very first of which is thnt of finding bow 
rapidly sediments are deposited ; but the 
main dilfieulty— a difficulty which renderv 
any certain calculalioni of such a matter out 
iif the queMion — ia this, the sea-bottom on 
wbich the deposit tukea place is conlinually 

Instead cf the surface of the earth being 
Ibat stable, fixed thing that it is pupularlj 
believed to lie, being. In common pniinncB, 
the veiy tmblem of flslly ilself, ii ia inces- 
snnlly moving, and is, io fact, us unl^1alde aa 
the surfuiie of Ilic sea, except that lis undula- 
tions aiH intiailely slower and tuutmi.usly 
higher and dteper. 

Now. wliai is Ibi- eflecl of ibis nscilbili in 1 
Take the case to wbith 1 have p^eviouslv le- 
ferred. Tlic finer or cnursir sedinieuis lint 
are carried down liv tne curreiilnf Ihe liver, 
wdi only be carried nut a ceilsin dislaniy 
and eventually, us we bHre alrendy awn, oa 
.saching the stiller rait of iheuceiui, will be 




been cnus'nQlly ronviii); up and dom. Bad 
Bomt:liint'3 out oF [he reach of a depaBil, and 
at other limes iis own deposit broltou up and 
carried nway, it t'nilowa iliatnur record niiisC 
bu in the hi^'hcst ilcgree imperfect, nud we 
have hardly n Iruuo left of tijick depofiita. or 
uuy dellnile knowledge of the area ihat Ih^ 
occnpied in a great mnn; (.-asea. And mars 
Ibis I That Suppustng even that the whole 
surface of the earth liiid l«en acccKHible lo 
the goolo^ut — llJiil man hiid had access to 
BVerypartot the earth, and had made seC' 
tions of Vac whole, aud put them all lo^'ether 
— even Iheu hia record must of nece^snv bu 
imperfect. 

But (o how much has man reallj acuessT 
If ynu will look ul lUtB map you will see that 
it Tcpreaents llie proporliuo of llie sen to the 
earth ; lliis colored part indicales all the dry 
land, oad Ibis oilier portion is the water. 
Tou will notice at once that the water covora 
three Gfihs of the whule surface of the glolw. 
and has covered it in the same inaunvr evvr 
Binceinan hasttpt any record of his own oh- 
servations, lo Hay nothing of llie niiiiuie 
period duiing which he hascuIiivHlHl ^leiilog- 
ical iDiiniiy. H.i that Ihree filths of the sur- 
face of the i-arlh ia shut out from us becaUMi 
it is under the sea. Let us look ut tho olber 
1W0 fifths, ami aee whut are the countries in 
which aoylliiii^ that ma.y hu termed spaiuh- 
ing geological inquiry has been cutricd out : 
a giiod denl of France, Oermauy, and Great 
Bri till 11 and Ireland, hits of Spuiu, of Iluly, 
and of Russia, have been examintit, but of 
llie wiiole great mass of Afiica, except paito 
of the BuutJiern extremity, wa know ncxl lo 
nothing ; little bits of Lndia, but of llic greater 
part of ihe Asialic continent nothing ; bitsof 
ihe Northe to American Stales and of Canada, 
but of the greater part of the conllDcnt of 
»r. ., ._ _!._ _, ■ ,„ , piopor- 



CjKFig. 4) be ihe sea-bottom, j>D Ihc 
shore, zy the sea-level, then llie cnarser de- 
posit will sulfide over the region B, the finer 
over A, while i>eyund A llieie will he nn de- 
posit ut ult ; anil, coiiseqiieiilly. do record 
will be kept, simply because no ileponit ia 
goin; on. Now, suppose Lbut ihe whole 
land, C D, whleh we have regarded ns sta- 
tionary, goes down, as it does hu. both A and 
B go farther nut from Ihe aliore. which will 
bo at y', x'. J)', being llie new seahivul. The 
CDn£eijuencc will be Ihat Ihe layer of mud 
(A), belen; now. for tbe moat parr, rnrtiier 
than llie furce of Ihe current, ia strong 
enough looQiey eveu lliu finest rfeAru. wilt, 
of pjiurse, receive no ninro depoails, and hav. 
ingBllaiuedacetUiiiilhickauss will now grovr 
DO thicker. 

We aliuuld be mlsk'd in likking the Ihick- 
nesa of that laver, whenever il may be ex- 
posed to our view, aa a record ut litne in the 
manner in which we are nnw regarding this 
suiijecl, asitwuulj cive ua only an imper- 
fect and partial recotd It would seem to rep- 
reaeut too shoit a period of time. 

aappoae. ou Ihe other hand, that, the land 
{C D) hod gone on rising iJowly and grad- 
ually — say an inch or (wo Incbea in ibe 
course of a century — what would be Ilia 
practical effect of Ihat movement! Why, 
that the sedimeot A and B which has bet;u 
already deposited, would evenluslly b^ 
brought nearer to the shore-level, and uguin 
subjected to the wear and [ear of llie sea ; 
aud directly the sea begins to act upon it, it 
would of course sunn cut up and carry it 
nway, (o a greater or less extent, to be re- 
dlfinsiled farther out;. 

Well, as there is, in allprobahilily. not one 

single spot on the whole surface of the earth ..., „ ,. — . 

which liaa not been up and down in Ihia way Norlli Anieiii:fl. and in slill larger 
a great many times, it follows that llie lliick- Hon, iif South Amiirieo, nothing ! 
ness of the deposUs formed at any p:kr(icular Un'ler Ihe-e eirciimstances. it folloiTa tbM 
spot cannot lie lakeu (evensuppoaing we had uveu wiih irfr'ieiice to that kind of ImperfiHtt 
at Qrst oblulned correct data aa lo Ihe tute at tnfDrcDaliou whieli we can powe»a, 11 ii< iinly 
-which lliey took place), as affording reliable ahoutlhe (en thousandth part of Ihe lu'rissible 
information as to the period of lime (ccupied parts of Ike eiirth that leis hem ix<, milled 
In its deposit. Ho thai youaeeitianhaolulcly properly. Therefore, 11 is wlih jiisiue iliat 
necessaiy friim these facta, seeing thai our lliemost Hioaghtfulof [busewhouieerncem- 
reciirii eulirely consiatH of accumulalians of ed in these Imjuiries insist continually upna 
mud supeiimposed one on theother : seeing the imperfeclioo uf Ihe geolrgicul reooid ; 
in Ihenexl iihiea Ihat any particular spots on for, I lepcat, it is nbsobilely iieeessary, fntfu 
which niciiinulaiinns liavc occurred have the ualuru uf things, Ihat that record ahonU 
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he i>r the most rragmentiiry and imptrfect 
character. UnfoitUDiitely this i^irctiitiEluDce 
has been constantly forjcullen. Men of sci- 
ence, like young colts in n fri-nli puslure.sre 
tipt to be dihilaratecl on licini; mined inlo a 
uew field of inquiry, nnd ti kooIT h( ii tiand- 
gallop, in lolul (lUregRid of licdgfs and 
dilcbeB. losini; sight of Llie rciil IlmiiKlinn nf 
their inquiries, and to lurget the exlrt.'ine im- 
perfection ut what is renlly known. Oi'olo- 
gists bavu imagined that Ihey could lell us 
whut was going on at nil patis of llie enrlh's 
GiirfaCB dnrin" a giseii epoch ; llicy have 
talked of thisuepoait being conletnpornncuus 
with that depoiit, unlil, fruin our lillle local 
liistoTicH of thccbanges ut limiied xpois of 
the earth's aurfitce, Ibey liiive cunstnicled a 
nniversal history of tlie globK as full of 
■wonders and portents aa any oilier atory of 
antiquity. 

But what does tbia attempt lo construct a 
universal Lidtory of lliu gluliB imply! It 
implies that we shul] not only bare a preciae 
knowledge of the events wbietibaveoceiirred 
at any particular point, but tbat wu shall lie 
abiu to Bay what events, at any one spot, 
took place at tUe aame lime wilb those at 
otlier spots. 

Let us see now if that is in the nature of 
things practieable. Suppose tliat here I 
make a aectionof Ihe Lake of Klllarucy. and 
iiere the aectioa of anollicr lake— thai of Loch 
Lomond in Scotland, for iastHHce. The riv- 
ers that flow into them are constantly carry- 
ing down deposit^ of mud. and beda, or strata 
ore beinj; as coastanlly formed, one above 
the other, al the iioitom of tbose lakes. 
Now, th<:re la not a ebndow of doubt that in 
thrae two lakea tlie upper beds urK all older 
than Ihclowcr^-ibereis nodoubt about tbat ; 
but what does thin tell us about the ago of 
any given bed in Loch Lomond, as compared 
with tbat ot any ei»en bed in the Lake of 
Killarney ! It is. Indeed, obvious that if any 
two sets of deposits arc separated and discon- 
thiuoUB, there is absolulely no means what- 
ever given you by Ihe nature of the deposit 
of saying whether one is much younger or 
older than the other ; but you may say, aa 
□lany have suid and Ihiiik, (hat Ihe case is 
very much altered if l!ie beds which wo are 
*;oniparlngiirei.'onlicuous. Suppose two beda 
of mud hardened iolo rock— A and B are 
seeninsetiion. (Fig. 5) 

Well, yon say, it is admilled that the low- 
ennoet bed is alwaya the older. Very well ; 
B. ibaiefore, ia older lliMi A. No doubt, at 



(1 wSote. it la (Ml ; or if any parts of Iha two 
lieds which are in (be same verlioal line ate 
11 mpared, it is go. But suppose ymi lake 
wliiii secma a very natural siep failher, and 
my that Ihe pnrt ■» of 1he bed A is younger 
ibiiu tbepnit Aof Ihe bEdB. Is this sound 
leasouina? Ifyouflndanyiecord of changes 
Inking placn at 6, did Ihey occur before any 
evenla which took place while * wa« being 
depofiiltdt It looks all veiy plaiu sailing, 
indeed, to say IbiilUiey did ; and yd therms 
no proof of an} thing of (lie kind. A.S the 
former Dlreci or of ihia luslllullon, Sir H. 
De ju BEcbc, longugoshnwed, this rciMoning 
may involve uneuliie fallacy. IliBextrEniEly 
pofsibie ibtit n may have been depositffl iifres 
before b. It is very en?y lo undei Eland huw 
Ihst can be. To ri-lum lo Pig, 4 ; when A 
and B weiedepofiifd, Mx^yv/etenbsiantiiiUj/ 
conltmpoinnenUB ; A being simply the finer 
di'puail, and B Ihe courier of Ihe tame detri- 
tus or iiante of land. Now suppijse that tbe 
sea-boliom ROCS down (aa shown in Fig. 4), 
BO Ihat Ihe lirat deposit is carrleil no I'aitlier 
Ihau a, forming the bed A', and Ibe coarsu 
no farlher than b. foimingllie bed B', Ihe re- 
sult will be the furmulion of Iwu conlinuoua 
beds, one of fincaedimcnl (AA') oveilappiog 
snolher of coarse Bedimenl(BB'). Now sup- 
poiie the whole sea-boiam is raised up, and 
u section exposed alMint the point A' ; no 
doubt, al Ihia »pot, the upper bed is younger 
than Ihe lower. But we Should obviously 
greatly err if we cun:iluded that the iciasa lif 
the upper bod at A was yountrer (ban tho 
lower bed at B ; fur we have just seen that 
they are conlemporaneoua deposila. Slill 
more should wu be in cri'iir if wo i^upouaed 
the upper bed at A lo be younger Ihun the 
continuation of Ihe lewrr bed at B' ; for A 
WHS deposited lon^ l>efore B', In Une, if, 
instead of campailog immediately iidjaceni 
parts of tsvo bcili, one of which liea upon 
aoolber, wecomparc diatiint parts, it ia qutlo 
poasiblu tbat the upper may be any nunilipr 
of years older than the under, and tbo undi.'r 
any number of years younger (ban Itn; 

Now you must not suppose that I put llu^ 
before you for tbo purpose of raising ii pnr- 
adoxical dllBcully ; the fact ia, that tbo gieat 
mass of deposits hnvB taken place in sea- 
botloins whii'h are gradually sinking, and 
have been formed under Ihu very conditlniM 
I am here supposing. 

Do not rua awny wilh the notion Ihnl thli 
BubturtB liie principle I laid down ot QcaL 
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OS THE OHiaiN OP SPECHa. 



Tba error lies in citeuding aprlnclple wliich 
Uperfi'dly applicable ludcposUaUi llie Hima 
vertical liao tudeijoeilswliicliaiu DOt ia tbat 
rcliit:Dn to onu auollier. 
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tlii3 ItJnd, and of othura Ibut I might 
Liiiu ti) ynu, Uist our cnnuluginus uii iLna in 
tcriirctulions of Llia reeurd are really and 
ECriL-tly only vnlid bo long oa we cunnoe our- 
BelvGstoDiit! ?eiticitl gcclioa. IdunotmcHti 
to tcllyou tlinC tlifiu uic uo quiitifyiiifr cir- 
cumstancea, h) Ibut, even in veiy cuiiiiiicr- 
able ureas, we miiy safely epeak of cimioric- 
nlily Eiipcrlmpo^ beda beiag older ur 
you iijifer 1 ban ui hers otmauydifFureDl p'linta. 
Rut we can nuvcr be quile sure in uumiug tn 
that coniQusinn. and especially we cunniiL be 
BUre if Ibere is auy break in tlieir cotilinuily, 
or nay very great dliiluucebotweea the poluts 
to lie computed. 

Well, now. so inncli fnr Hie record itself— 
Bi> much for Ita Imperfect luns — su iniicih far 
tba cnnclilioua to be obscrrcd in inlcrtiruliug 
it.^Dd its cbrnnnlugicat inillcntlons. the nio- 
muut vre pass buyoud the linilta of a. vuiiciU 

Now let us pass from the record to that 
which ItcoQluins — from the buuic itself to Ibe 
^')[([ng nnd tba flijnres on lis pages. This 
writing uiid tbtae llj>mes consist of TBinaJos 
nf I'Dimals and planle which, in thegrcat ua- 
Jorily uf cases, have lived and died in the 
veiy spjl in which we now find them, or ut 
least in tbe Immediate vicinity. Ynu must 
all of you ha aware— and I referied to the 
fact in lust Alonday'a lecture— lliut Ihera are 
vast numlwra of crcniuies living al; Ibu bot- 
tom of tbe Rca, Tbese creutiitcs, ill((i nil 
others, Rauneror later die, and their shells 
and bard paita lie ut the buttom ; and tliea 
tbe finu mud which is being constnnlly 
brought diiwn by rivers andlhenclion of the 
wear and tear of the sea, i«)vers them over 
and prolccte tbem froni auy further rhaogc 
or alteralion ; and, of course, as in process 
nf lime the mad becomes hardened and 
solidified, the shells of tbese animals arc pru- 
Bervcd and firmly imbedded in tbe lijiiesiono 
qr RiindstoQB which is being thus formed. 
You may sea In the galleiiea of tbe Museum 
iip-stairs specimens of limestones in which 
such fossil remains of existing animals aic 
imbedded. There are some speeimeos in 
which turtles' eggs have been imit^lded in 
calcaieiiiis sand, and lieforc tbe suu liad 
hiilched the young lullea they became cov. 
ered over with culcureoiis mud. and thus 
uuve been preserved and fossilized. 

Not uuly does this process of imbeddinE 
and fusiilization occur wilh marina and o'Jier 
lujuiilic animals and plants, but it atlects 
those knd animals and plauts which are di ift- 
ed away to sea, or become buried in liogs or 
miTusdt's ; and tbe imiuialj whieb have been 
tiodduu dowu by their fellows and crushed 
ia tbe mud ut llie livet's bunk, as the herd 
lini'ei''iiae to drinh. In any uf these cases 
the ..r^anlsms mn/ liu crushed or be raulilat- 
<mI, b'Tuie or aller pulrefaclinn, in auch a 
:r that [laihaps gnly a part will be left 



in the form Id which it reaches us. Ttls. in- 
deed, a most remarkable fact, lliat it ia (juita 
an exceptional case to find a t^eU't'in of any 
ono uf all the tbouaaud.'i of wild liindnnimafs 
that we knriw arc constantly being liilled, ur 
dying In tbe coureti of Duturu : they ere 
preyed im and devtmred by other aniniiils, or 
die in places wheie their bodiea are ni>t after- 
ward protected by mud. There are otlitr an- 
imala existing in the sea, the Btiells ol which 
form exceedingly large depusiis. You are 
probably aware that btfore the allenipt was 
made to lay the Atlantic telegiapiiif cable, 
tlie Government employed vessels iu making 
a aeries of very caralul observalious and 
soiiiKJings of tbe bottom uf liieAllautic ; und 
although, as wu must all regret, that up to 
llio present time that project baa not aucrjeed- 
ed, we have tbe Batisfuclmn i.f knowing Ihat 
it yielded seme most remnrkablc resuita to 
science. The Atlantic Ocean hud to be 
sounded rigiit acioas, to deplbs of several 
milosiusome places, uud the natuie of itn 
bottom was carefully ascertained. Well, 
now, a spaco of about loot) miles wide from 
east to west, and I do not exactly know bow 
many from north to south, Init at any rata 
600 ur TOO miles, was carefully exsmined, 
and it was fouud that over the whole of ihot 
immenae area an esccaalvely Gnecbalky mud 
is Iwing deposited ; and this dcpoisit in en. 
lirely made up of animals whose hard parts 
lire deposited in Ibis part of the ocean, and 
arc doubtless gradually acquiring solidiiy and 
iHJCumiuir metamorphosed intoiicliulky lime- 
stone. Thus, you aec, it is quite poB^iblu in 
this way to preserve unmialakaiilo it'cnrds of 
animal and vegetable life Whenever Iho 
aea-bottom, by somo of those undulations uf 
the earth's CTU!'t that I liave referred to. I>e- 
comes upheaved, and sccliona or borings are 
made, or pits are dug, then we becomu abln 
to examine liio coateutB and constituents of 
these ancient sea-bottoms, and Und out wtial 
manner of nnimuis lived at Lbat peiind. 

Now it is a very important cunsldetatinn 
in its bearioga on the completeness of tbe 
record, to inquire how far the remains con- 
tained iu these fussilifcrous limestones are 
nlila to cunvey anything like an accurate or 
complete account of tlie animals which were 
in existence ut the time of ita foimaliua. 
Upon tbat point we can foim a vury dear 
judgment, and one in whicii there ia uo pns- 
aibiu room for any mistake. There ar o of 
course a great uumLwr of animnl^— sucb as 
jelly-fishes and other animals — withr.ut any 
hara parts, of which we cannot leasonnbhr 
expect to find any traces whatever : Iheic u 
nothing of them topreserve. Withia a very 
short time, you will have noticed, after they 
are remiiv<:d from tbe water, they dry up to 
a mere nothing ; ceitaiuly they are uotnf k 
nature loltavoany viryviaiLbtniLtsof Iheir 
cxisltnieLU sudi bnillcans chalk or mud. 
Then, again. Inuk ut land uuimuls : it is, as I 
have Buiil, a very unccinmou Itdug to find 
a land aidmid entire after death. Insects 
and other carnivorous animala very speedily 
pull them to pieces, sutrc faction takes flace. 
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find en, out cf the hundreds of tbouMcda llir.t 
anj fcaown lo die every yenr, it is llie mit-it 
tiling inllionoTld la eeu oao imlic-dded ia 
Bucli n wiiyllint lis remuins would he prt- 
BiTve'l fnr ii Itngllienud pciitKl. Not only is 
UiiH !hs cfxse, Imt even when unimal leniaius 
iiHve been snfely imbcdiied, certain nalurnl 
Hffenl^ mny wholly (icMlroy and rcinoTO Ihem. 
Alnu'st ull llie huiil purls of auimale — Iho 
bouts null soon — are composed chiefly of 
phospliato of lime nnd carbootile of limu. 
B'linc yfn'9 ago I had to maite an Inquiiy 
]iilu the uatiiic of same very curiuuB foseib 

,B?Dt tome froiQ tlicuarthot Bcolland. Fos- 
Bila are usually hard liooy slruclures that 
have liecoiiio inibeddeil In the wny I have de- 
Milbed, nnd huve graduHlly acquired the nu- 
luro nnd 81)1 id iiy of the body wilh which Ihey 
.tre nexocinied ; but )n IhlacHse J had n serii-s 
of Jiolfii in some pieces of raclt, and nothing 

*lfii-. ThcBH hrles, however, had a certain 
definite slinpe about ilLcm, and when I got a 
ikiltiil workman lo niHlce dialings of Iho iu- 
letiiir cf liieae lioles, I found lliat Uiey were 
the Impressions Of lliu joints of a backbone 
will of the uru<iT of a ifreat icptile. Iwdvo 
or more fci't luaj:. Tliia great lieasE hail died 
Biid gut linriud in Ibe Euud, Ihc sand had 
(rraduully bnrdened over the 1kiqo9, tint tc- 
roaincd [lurous. Water had trickletllliroupili 
it. and tliiit water heinp probnhty chiirctd 
Willi a. BiipeiHiiily of totbonio acid, hud dis- 
Biilvud all Ihc phoephnlo aud carhonalo cf 
lime, BDd llw licnia Hicmsplves had thus dc- 
C9iyi.'d and enlirdy disappeared ; but us the 
eaudFlcno linppcned lo bavecun soil dated by 
Ibal lime, llie precise Hhapoof llio bunca win 
lolnfutd. If Hiat Hnndsiono bud rcraiiirrcd 
Boft u little Irnger, we shonld have known 
DOlbin^ wbiilsoevcr of the e^iisleuce of the 
irplilu wliose bones it had Incased, 

How ccilain il is llmtu voBlnumfaer of an- 

'Imnls which biivo exiiited at one period on 
tbiif enilh bave enliiely perished, nnd left no 
trace whwlevtrof IheirtormB, may he proved 
lu.rcu liy other conslderalions. There are 
jaige ttacis of Bnndttoue in vaiious pails of 
tbs world, in wbicb no body bus yet found 
anyUiing but fouisiepn. Not u bi^ne of any 
dascriplinn, but an ennrmoua cumber of 
iTScea of foolsleps. There is no qiiEElinn 
about Ibem. Tliei'e isa whole valley lu Con- 
□rrtiout revered wilh theiie footsteps, and 
not a single fragment of the animals which 
made I hem have yet been found. Let mo 
meui ion aniilhcr case while upon Ihat mutter. 
which is even more avirprising Uiiiu IhOEO lo 
whicb I have 3 tt referred. Tlietc ia a lime- 
FlonefoimulionoearOjtford.ul a pluco called 
Btonesfleld, wliich lias yielded the remiirus 
of certain very inlercstint; mamuiHlian aoi- 
malB, and up In Ibis lime, if I recollect 
rigblly, there bavo lieen fuf.iid seven speci- 
mens of ilH Inwer jawa, mid uut nliit of any- 
thing eUc. neilher limb-lioms iior t^kutl, or 
■nyimrt nhalever; nnl a. friigniini cf Ihu 
w I lolo system 1 Of course, it wi uld be pie- 
pu&teroiia loimngine that IbcbcablH bud nolh- 
ing eife btil a lower jaw 1 The iiolmliilily 
ia, as Dr liuckland showed, as ihc icbult of 



his oheervutions on dead dcgs in the river 
Thami-s. that the lower jsw, not being 
secured by very firm ligaments lo the bonia 
of llie head, iind being a weighty uffaif. 
would easily bo knocked off, nr might drop 
away from tho iHidy as it flouted in water in 
a dale of dr com posit ion. The jaw would 
thus bo iJepiisiled imuiedintely, wiiilo the rest 
of the body woulrl flc/ut and drift away 
ultogelher, ultimately reaching the sea. and 
perbiipB becoming desttoyed. Tlic juw bO' 
comes covered up nnd preserved in the rivet 
silt, and thus it ccmts Hint we linvo pucli a 
curious circnm^Ianco as Ihat of tbe lower 
jawB in the StODebBild blates. gn that, you 
see, fmilly os these liiycra cf slouo in Ibc 
entth'flcrnstnrc, dert-ciivcRsilieynccefBarily 
are ai (i record, llie account of contemporane- 
ous vjlsl plienrmcna pri«nl(il by litem ist 
Iiy the necessity of Ihc ciisf, iBfiuilily more 
defective nnd Irugmenlaiy. 

It was cccessaiy IbDt I fheuld put all this 
very strongly Iwforoyoii.bceMiisp.r.iberwiBB, 
yiiu might hHVC hi'cn !ed lo think dilTerenlljf 
cf Ibo ccmpltlcness of ourknowlcdge by iLe 
next facts 1 sliall eIhIb to ytu. 

The rcficorclica cf Ilie lati Ibrce quai lers of 
a century bav, in Inilh, leveided u wonder^ 
ful lichness f,f orfianio lira in Lliose i.icks. 
Certainly net fewer UiRnlbirly or folly Iheii- 
cand diilerrnlfipetiesof f(Siilaliavc been dis- 
covered. Ycu have no more ground for 
doubting that (hese crenlurts tially rive4 
ntid died at crnrar iha pliicw in which w»i 
find Ihem Ibun jcn have for liko Bcppliei^ni 
about n^hillonlho tea-tliore. The evidence 
ia as good In Hie cno ewe as in the other. ' 

Our next hni^inct^H in lo look ut Ihc general 
cbaiBCtcr of Ihcse fcEsi! rimaius, nnd it is a 
subject wbieli will he rcqiiititii lo consider 
cftrefnily ; and iho firat point for us is to ex- 
amine how much the txiiiict llora and 
Faunn as n ichMe — disregarding altopeiher 
Ihe Kueeemon of lliclr conbiituenis, of which 
I shall apeak aflci ward— liiffer from the JTotiB 
and Fauna at Iho present diiy ; now fur they 
differ in what we flo know ab.>iit ihem. leav- 
ing allogelher out of consideration specula- 
lions luised on what we do not know. 

1 strongly imagine that if It were not for 
l!ie peculiar uppearance that fossilized ani- 
mals have, iliat any of yon might readily 
walk Ihr.iiig'.i a miMcutii which cuntaius fii»- 
sit remaiud iiiL\ed up with those of the pres- 
ent forms of life, and 1 doubt very much 
whether yeiir uninstructed eyes would lead 
you to see any vast nr wonderful difference 
between tho two. If ynulooked closely, you 
w»iilil nuiice, in the first place, n greni tiiHtiy 
things very like animals with which you are 
acquainted now : you would see differences 
of shape and propoilion, but on the whole u 
close similariiy. 

I explained what I meant by Orders the 
oilier day. when Idesttribedlhe animal king- 
dom us bclog divideil iuio sub-kingdomg, 
classes, and orders. If you divide tho ani- 
mal kingdom into orders, you will find that 
there are above one hundred and twenty. 
The number may vary on one side or the 
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oiber, liiit lliU U r tixW emlmHtc. That Is Ihe 
Bum loliil nf llio aiili^rs ol ntt tlie sDimnts 
nlliirli we konw □<>». nnil wliidi liavo been 
ko )ivii la unaC tiiiieH. uiid left remuins be- 

Now, liiiw Duiny of llioau uro absoltituly 
exiiact ? TliRt U In any. Iiow miiiiy or ihuat! 
nrdeiD of uoinials liiivu lived at a. former 
periud of llis world's liUtory, hut liavu at 
present an repreaeDtnlivea? Tliftt ia llie 
eease ia wliicli I rni^^iit lo usulhuword " ex- 
tinct." I mean Ihut tliuse aaimals did live 
OQ this citrili at one time, but have left nu 
oiie of Ihcir kind ivith m at llie present mo- 
ment. Sq tbat cslimulioj; IhuDumtM-r uf ex- 
tinct animils In a surC of way of compariag 
the past creation as a whole nllb the preseni 
H9 n whole. To mske thnt clear, I have wi it- 
ten in red ink on Ihejio diiiK'U'ns "i^ nameii 
of nil IhosD extinct orilers, nnd in lilitck ink 
the names of Ihe rest. Amani; the mam- 
malia and birda there are lunc exIJQCt ; liut 
when wd comd to the ronlilea there is u most 
wonderful Ihio;; : out of the tight orders, or 
thereatiniii!!. which ym mnmnKc among rep- 
tiles, ODHiiulf are t'XliriL't. Tlieae diagrams 
of the plesiosaurus, the icbihyusaurus, the 
pterodauljie, give you an-nion of some of 
Uiede azlincl reptiles. And here is ihe cHst 
of Ihe pl«r«dacly!e and hone-iof the ichlhjo- 
Haiinis nn>l the plesijs»uriis. Justus fresh oii 
if It had Ifeen recently du^ up in a church- 
yurd. Thua. in 1 lie reptile uliiss, there are no 
less than half of the ordeia which ate aliso- 
lutely extinct. If we lutii Id the Anp/iAia, 
tUciu wiiB line extinct order, the lahyiiutho- 
dunls. typified l)y_ the laige siilunwuJer-like 
besft shown in this dia^nrn. 

No order ot fishes is known lo be rxlincl. 
Erer; Bsh that we tlnd in Ihe slrata— lo 
which 1 bave been referring — can be Identi- 
lled and placed in one fif the orders which 
exist ut the present day. There is not kniiwn 
to be a single nrdlniil fi)rm nf insect exiincl. 
There are only two oideii^exliact um.m^ Ibe 
Oruilaeea. 'riicn: is iiii^ known tu he an ex- 
tinct order ot these creatures, tlie parttsllic 
and other worms 1 but there are two. not lo 
iay Ibree, abs'ilulely extinct orders of (his 
cluss. the Eehinoilenaala ; out of nil the 
orders of the QaUnteralt and Protozoa, only 
anc, the Rugose Corals. 

So that, you see. out of somewhere nliout 
120 onlers of animals, tukia^ them n1togi;thiT. 
you will not, at the outside eslimnte. tlail 
abore ten or a dozen extinct. Humniini; up 
all the order uf animals which have Ivfl le- 
mains behind them, you will not And tibiive 
ten or a <htzeu which cannot t>earran|^ with 
th09U of the present dny : that Is tu sry, thdt 
the diSeicuce does not iimniint to much more 
than ten pec cent : and the pruporlion of 
uxlinct orders of plants is still smidler. I 
think that tliat is a very asloundiiig, a incst 
astonishing fact, seeing the eiinrmous epochs 
of lime which have elapsed during the con- 
utilutiou of Ihe surface of the earth na it at 
present exists ; it is, indeed, a most ustouod- 
ine thin;| that the propurlinn of extinct ordi- 
nu types should be so exceedingly small. 




But now, there is another point of Tiew in 
which we must lonk at this pnst rrcailnu. 
Suppose Ibat wo weretosiukii verlicnl pit 
thiough thotlni:rliLUeHt]i us, Hiiillliiit I couirl 
i-ucceed in niakinic ii M'cilriu rglit ilirimgl) Jo 
the direction of New ZtNlxnd, 1 slimild flud 
In each uf the dilIi:Tent beds Ibruugh wblcb 
I passed the lemaina of anlmaU which 1 
should find in Ibat stiatum uitd not in the 
others. First. 1 should eu me upon beds of 
gravel or dilftcuntiunint^ibu but) en of larse 
unlmald, sucli as tlie elejihunl, ihinocetrm, 
and care tiger. Itather ciirioiia things lo 
fall iHTow in Piccndilly I If I shuuld dig 
lower still, I shnnid come upon ii bed ul 
what wi! cull the London I'hiy. and in Ibis, us 
you will we in our palleritis up-xlHirs, are 
found lenmins i-F MraniK cattle, irmnius t,t 
tUTIIus, palm», and luigeiropiuvl fiuils; wilh 
ahellfliili such as you B«e Ihu like </l now 
only in tropical reuions. If I wini licluw 
that. I Fhnnld come upcn iho il.:>(k, i.nd 
Ihi'ie I shi.iild find vimeihing ; It, mlier 
diHeifnt. the rsmuins of khliiyonaui i and 
pterodaciyles, and ummonilcB, and so foilh, 

I do nut know what Mr. Godwin Anstin 
would say comes nexi, but piobnblr itiks 
containing more ainm'mites, and mue 
icihlhyosauri and plpi-in'-niiri, wiib a va^t 
numlierof other Ihing^ ; and under that I 
shiiuld meet wilh ycl iiUcr rocks, containing 
numliprs of Miuniru RhelU and fisbea : and in 
thus paf»ing fn>m ihe suifaci] to Ibn l.'We^t 
depths of the cnilh'K i-insi, ihe fnims "fBiri- 
mallirenn.! vegHalilf life which! thi>uld 
meet with in Ihe successive lieiis woultl. liok- 
InB lit Ihi-m linmdiv, m the mnie diffeienl 
Ihe fritlher that I went di>wn. Or. in olfaer 
wotds, ina^mlICh aswesiarled wilh Ibi- dear 
piinclple. that in a sines of niituiady-dlc- 
piieeil mod beds the lijwefl art the oliiesl, we 
bhuiil 1 1 ome to thi4 repult, tlmi ihe fatther 
we go Iwck in liine ihe mure difference exlsla 
between the animal and vepriable life of an 
epoch and that which nowexisiB. Tliiit wnsi 
the caiiclusion lo which I wishid lo biing 
} uu at the end of this k'l'lure. 
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]n the two preceding lectures I have en- 
deavored in lodicHte to you the txieul of the 
subject-matter of the Inijuiry upcn which we 
lire (njiageii ; nnd now, liaviug Ihus iicquired 
Slime conception of the past nnd pnescnt pile- 
uiimeiia i>f nigauin inilure. I mubl (hid, IA- 
□ighl, to thai whiib ciim-tiiules Ibe fieat 

frublem whk-h wchnvetet bi;faie ourselves— 
mean, ilic t|ue°ilun of what knnwli^ge wa 
hale of the cuu^i'h vi Ihescphenrmena of or- 
ganic naniie, and how sLch knuwiidgi' ia 
ubiniiiable 

Ibr' Ihwhold of in'piiry. a' 



Tliei 



world 1 




respect on account of 

re of opinion llial vital 
ipeciully a1k|ueetioua reUl- 
(>r vIlhI ptieniimenn. nrc 
iipatt from llm ordinary run 
t.f iiioiiiiy. null are, liy Uifir very nalun-, 
plme'l i>i]'[ nf nur ri-acli. Tlicy nay tlial all 
IheM.' plieuomenu arii'inntcd miraculously, or 
in sonic vuy lutally difTercnt from th.c ordi- 
nary (luursenf nature, Burltbul therefore they 
concL'iTe it to be fulile, not to say preBump- 
tnuuH, to Httempc to Inquire into them. 

To Hucli sincere and earoest persona. I 
would only e&y. Ihnt a question of ihis kind 
in not 10 In; Gliclvcd (ijion tlieoreilciil or Bpcc- 
iiltitirt: itrounde. You miiy reinenilier Ibe 
stnry iiE ILe sophist wlio demou si rated tu 
Dio^iics in the most coini'lele and BHlisfac- 
tury mnoncrtliatliocauld aotw&IL; that. In 
tact, nil motion whs a» impUESiliility ; und 
IhaL Diogenes leHilcd lilm liy simply gelling 
up and walkini; round liis lull, bo, in the 
eune wny. the man of ncieuce repilcH tu ob- 
jections i-f lliis kind, liy dimply gelling up 
•■□'I wniking oawnrii, and (-liowinir wlnit sci- 
iict liiisdone nnd is di.iiig — Eiy poinlip;; to 
lliiii iniineusemeesiir furls niiicii Im-.c luen 
mweHaincdandiijBUnisiiEediindi-i liie fi-miB 
of tliii great doctrinea of morplioiOKy. of ilp- 
veiopmtnt, of Oislrilnitiun, and llic like. lie 
PWB tin enormouN mafa at Imte ant) Ihwb ie- 
blim; to ofganic iieingp. wliicli Blnud on Ibe 
MiniL- (rural scund fnUDdnlion as every <,Iiier 
^ DHiiiiid law ; nod, tlicrtfoie, with Itils insBS 
^ of faclji iind laws Lefoio lis. welng I lull, as 
far as organic mallets bovc liilliciio been «c- 
eeGdltilu and studied, lliey have tbnwn ibem- 
pelves cnpable nf yielding In hciinlillc tnvcB- 
tii_-Btion, -wc may nccipt ibis as protf Ibat 
Older and Iiiw lei^ru Ibero as trcll aa in the 
lest of nature ; nud Ibe man nf ecienec says 
iiMbiagini.b.fietoiiiofiliis£ni1, but supposes 
Ibat we can and sIihII walk In Ibe origin of 
aganit: naluie, in Ibe siime \\a\ II at ire biiVB 
walked III ahniiwlidfie ■ t ilio hiwa and ptiu- 
ciplt s of Ibe lnn>(;i;ii r u'ci III. 

Bui IbcicHie i.l j<cti IS wlioEny Ibe i^aroe 
froinign(iiaucniu.iiii will. To mi b 1 wnuld 
njply Ibal Ibeobjtdii i\ <-i nicKill fii'm ibem, 
and Ihat Ibe real prtEUmpli' n. 1 mny nlmosl 
my ltd teal blafpiii'nij. in Ibis nii.licT. is in 
the alitmpt to bunt Ibat iiKjiiiiy inio the 
causes of phenomena vbldb is Ibe Rimce of 
all buman blcstlngs, and fiom wbiih has 
Bprnnir nl] linmvn pir.spt'illy anil ptoprtps; 
for. after all, wh can aecimpliTb ii mpuia- 
llrely little: Ibe limited i.nVe >'f <.nr iwd 
fHCUllieK liounds us en ivciyMdi — ibe field 
ft our povreis of olisert aii( n is tmall enoiiffh. 
■ud be wliDinriia^ors to niirrriw ibo tpbcii' 
iifonr inquiiiiB ii' (.nl.v pnitiilnp ii course 
Ibal ia likely to pilUlco llie gnotiat iiaim Ic 
hia fi-llow-men. 

Bill DOW, lasiimin^, as vin all do, 1 bone, 
Iblt llKte pbeuonnniiaiB properly accis&iule 
toiDquliy, anil Fciiinfr i iit iip>m our searcb 
Into tW i.'uuM.a Lf it.e pbin<initnH of organic 
nttliiTi-. f.i.iil any lale. telliiiKi ul lo diactvit 
bon miirb wo at prtsent know upon ihese 
kbUtuiui mailers, Ibe 'question aiises as to 
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ouTse of proceeding, tmd 
wnat iJiciiioQTtemufL lay down for our guld- 
iiDce. I lepty lo tliiii qutslion, that our 
mtllind must be i xai liy the enme as Ibai 
which is piitEiied in any other fccienliSc iu' 
quiry, tbc nielbod Lf ptienlific inreBligalioli 
being Ibe same for all oiders of facts and 
phenomena w hut soever. 

I luiiEt dnell a liiile on this point, for I 
wish you lo leave IhJB room wit b a very clear 
conviclion that ecienti&c investigutiLu is not, 
as many people seem li. suppose, some kinil 
uf modbm black arl. I eay that you might 
easily gather Ibis inipreeaion from the mnnnrr 
in which many peraoos speak of scirutific in 
i]Uiiv, or talk aliunl inducllve and deductive 
philosophy.OT Hie principles of Ibu " Baconian 
libilosopby." I no protest Ihai, of ilie vast 
numlKtof caniB In this world, there are none, 
to my mind, so conlcmplible as the pseudo- 
F'cientiflc cant wJiicli is talked nliuut Ibe 
" Baconian pbiluFophy. " 

Tu bear people talk about the great chan- 
celloi— and a teiVL'teat mnnbeceilainlv was 
—y^u would think Ilinl it was be wlio had 
InVenled aciencir, and Ihat thtie was no Bueb 
ibiutt; as suuud leasi.ning before Ibu lime of 
Qiiecn Elinabclh I Of course, you say, Ibat 
cannrt posKibly be Into ; you perceive, ou > 
ciiomeura refltclion, ihat such an Idea is ab- 
surdly wrong : uud yet, so firmly ro<rfed iS 
Ihia sort of impre»i.in^I cannot cull it an 
tdtia or conception— llie thing is loo aleurd 
to be enletlaini^d— but so cnmplelcly does il 
exist at llieluiilomof moM men's minds, Ibat 
Ibis has been omstlrr i<f oliservalioii wilb ma 
for many years {Misf. Tboic are many men 
who, though kiiowin)! alisiiliilely nothing of 
the 'ulijTi Willi whiob tbfy may hn dealing, 
wj'^i, iivreiibeless. to tUiiiJige liix niiilior of 
siiiub view 'viih wnich they tbinlcflt to dia 
ngiee. \Vi<ul Ibey du. liieii. is ui.>t in go and 
learn somi'tlting hWiI Ibe^ubject, which one 
woald naturally think Ibe beat way of faiily 
di'alini; with it ; liul IheyMbuaetbeurlginatur 
ijf Ibf vimr Ibey qucMion, in a tseuFra) mail, 
ucr. and wind up byBayiugiiml, "After all. 
you know, the principles unU nielbud of Ibis 
author )iie totally oppnseil 1m the canons of 
the Baconian philosophy." Then every liody 
applii'idu II.* H mailer of courae, and agrees 
Ibat il musi tie so. But if you wersta stop 
Ibcn' r.ll in the midilli-of ibfir applaune. you 
would prnbabl} dad tliat neither Uie speaker 
ti.>r liiit iipplnuileiB could tell yon bi>w or in 
wh.d way it was lui, neither the one n.ir the 
other having tb.- nUgbtii-t Idea of what tbe^ 
riicna wh''n they speak of the" Bacuuianphi^ 

Yiiu'wiil understand, I hope, that f hare 
not the hliglite*t defire tu j:"n In tlm imtery 
agnin^t either Die iiixmN, theiutent-ct, or tbo 
great genius of Liird Chancellor Bdou. He 
wasun.l juhtedlya very jrrat man, lit people 
Mjy wli illliey wlltof bim : liutuiittvitbHlaud- 
in^' all liial he did fur |ibil m iphv. it would 
li.'enl' ■\f wron!;tnBupp^>selliiU ibe methods 
if n "liTnsi-i-nlifln imiuiiy otiginaled with 
iiua. <>i' »'iili his ,iiid : Ihi'y originated 
Willi Ibe UrsL raao. whoever bu was: and 
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Indeed PxUteil ling before him. Tor many 
iif lliepd-ii'm i\\ pniceBBi'B of rfnhoning hik (k- 

plet. U- uti I i'ffj:li»dy iis liy fi.HBelvfS. We 
Bcu iji iiniw t'l' llii'liiiitL-ctcjiiiiiiillie cxcrci^ 
or utiu, 111 leiHl.of lUki sum t i)iwi;i8 uf leaaoD- 
in^' lis lliiH wUioh WB ouFatUeB employ. 

Tl-.i nii'ilnfi of adtniiflc inspsitiiiiiion is 
niiliins !i iiilie expiesBi.'.a of I lie uccessnry 
:.] > JL^ ..r w..ru.lDs of llie liiimitn miml. It h 
-iiiiiirly ilic' m uliAt whicU nUptienumcDiiarii 
nuamcil itlioiit, reudereil precise nnil exact. 
Tliore is iii miie<lilfi!n'uoc. but tliero la JusC 
Ilia Hiimn km 1 of iliffuiuiica. tiela'i?eii tbs 
iiieutul iniQuiiinisnf ft mm ol tcuuca and 
itliiaa uf »n onlinnr.i' peisou. ils lliem is tic- 
tween tlie i>penilli>niiii:>(l uiellioda nt a baker 
or of a lmli;liBr waiffhing out Lk (loofls In 
cum limn seal es, HnilluecperctloDSKf ft cliem- 
ial in perfuriiiiDg u dilflcult Bull cnmplcx 
BDulyais by cnannii of UU luiluDco imd fluuly- 
graduated wnigbts. ll Is not Ibat llie action. 
uf the scnlun in the uau uuso, iind Ibe bnlaaue 
in tlie oLiier, differ in Ibe ptiaclples of llicir 
(ionsiru<!tiun or mttimer of working ; but tbe 
benm of one la set on no iofinilely liner nxis 
limn ibo orfier, and of course turns by iliu 
addition of H-nuob sniiillei' wci|;bt. 

You will uiidorslnnd lliia bKiier. perliiipa, 
if [give you some fumiliar exHmple. Vou 
liave ull heard it repeated, I dure say, lliut 
num of soienca work by means of iaduuljun 
nud deduulioQ, and that by tbe help of theses 
operations, Ikey, in a sort of sense, wrinjf 
from nature certain other tliiaga, which are 
cnlled natural lawn and canaes, and Ibat out 
of these, hy soma cunning aklUoC their own. 
they build up hypotheses and theories. A.ud 
it U imagined by mnny lh;kt (he operations 
of llie common mind can ba by no weaua 
coin|nkred with tliese processes, and that 
Ihey have to be aojuired by n sort uf special 
uppreiiliceship lo Ine crafL To bearatl these 
iNrjce winds you would think that the miml 
of n man iif science mii<;i.be cons fluted diHer- 
enliy from Ihiimf his fellcwmen; hut if 
you will n^il be frightened by lerms, you ■will 
discnvur thHt you are quiie wrong, and Ihnt 



There is n welt-knuwn incidL'nl in nne of 
Idolit^re's plays, where Ihe aulhur nrnkes the 
hero expre!<Huiibuuudeddelif;bton titing intd 
that he bud been talking prose during the 
whole uf hli life. In Ihe same way, I triisl 
Llint you will lake comfnri, and be delighted 
with yotirae Ives, on the discovery Dial yim 
have been ncling on the principles n{ Indlic- 
livo and deductive phlliiaopliy (iailng Ihe 
same period. Probably there is not one hero 
lo-nigbt who has not in rhecourseof Ibe day 
had occasion to f«1 in mnlion a complex Iruin 
of reustiiiing. of the very Fame kitiil, ibougli 
differing of course in di-giee, as ilmt which 
a scientlGc man Eo» ihiiFiighlu trailing the 
causes of uatuial pbeuDmeua. 

A very trivial chciimsiaoco will gerte to 
Memphfy this. Suppose you go into u 
froitMvr'a shop, wanting un apple : you take 




lip one, and. on billnj; it. you And It isaODF-. 

yiiii look at it. and fix IhnI it is liaid and 
green. You livki.' up anollitr rnf, and Ibiil 
inn is hnrd, green, and Sliuf. The shiipiiiati 
iiflers you u iliird ; bill, before tdling It, j-flu 
examine II. and And Ihnt it is iisid and 
grirn. nud yoiiimmcdlaielysayihat you will 
not have it. lis H' lAiisi lie sour, like iboae 
tIjRt yon have already iiiid. 

Notlilng can be more simple Ihao that, 
you Ihliik : liut if you will loke the 1roubl« 
lo analyze and trace out into lis logical ele- 
ments what has been done bj' the mind, foil 
will be grenllv mrpriFed, In tho Brsl place, 
you havu pet formed Ills oi'wralicn of induo- 
lioii. Tuu found that, In two cxDerieuccs, 
hardness and grecniieesin apples go together 
with EoumeBs. It was so in tho liret raae^ 
and k was conftimed liy the rocond. Trtip, 
it Is n ver.v amall liii^ix, but Mill it 13 eiinugh 
lomokc an induction friim ; you genctal&a 
(bo facia, and yon expeft lo Hud sourness in 
apples where yoii gd Imnlncbs and crem- 
nesa. Tou found tip'iii ilmi :l general law. 
that all hard and green ni'plcs are aaur ,- and 
thai, DO far as it goes. U a perftct InOuclinn. 
Well, having got your niilural law In Ihia 
way, when yon arc oiTcred another appla 
which ynu find Is bard and grceu, you say. 
■■ All hard and gieen apples arc sour ; Ilrii 
apple ia hard und green, tbeiefore Ibis apple 
la ?iDnr." That liain of rcnsoning ia what 
logidans eulla syllogism, andbasall itavaii- 
niis pans and icrms— its major premies, jIIk 
minor premiss. 11 ud Us conclufion. And, bi 
Ihe help of fiiillier reasnmng, vhich, it 
drawu out. noul.l have to bo exblbiled Id 
two or throe other sjllngisms, you ai live at 
your Unel dolermi nation, " I Vill uot have 
that apple." So that, you see. you have. In 
iheflist place, established u law bv ioduc- 
tiun. and upon that you have ftiunacd a de- 
duction, and reasoned out Ihespiciul conelu- 
sioa of the pariicuiar case. WlII, now, aiip- 
posui having gut your law, lliat at some lima 
afterward, you are discussing the iiuaJilies of 
apples with a friend : you will sny lo him, 
■■ It ia a very curious thing— but I find that 
all liaid and gicen apples are sour !" Your 
ftiend says to you, " But hovr do you liDOW 
thill?" youatot.eo iiply, "Oh, btcnurol 
have tiled it over and over fluatn. and have 
alivays found them to lie so." Well, if we 
weie lalkini; science iusicad of ouniniOD, 
geii!<e. we should call Ihut an eipeiimenial 
veritieutioa. And, if slili oppnwMl. jou go 
futiher, aud say, " I hac^ liiani fit.m Ihe 
people in Someiselshire and Dtvouthire, 
where a large number 1.1 apples aie grown, 
that they have observed Ihe i-niiiu thing. 11 
is also found to bu Ihe caso in Normandy 
aud in Nonh AmericH. In than. I find it 
In be Ibe universiil ixperii^nie ol munkind 
wherever atlnnlion Ims licen direcied 1). Ilia 
Puhjecl." Wli.ieiip.>n yuur fii^iid. -.inlaw 
he ia a very unri'ii?«iiiai:l'j im igiees wilh 

rliflil hi Ihe coni'llisi iii Vi 
liflieres, alihouirh I'ejIiH 
lie believES it. that ihe u 
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r^iloDS Are^ihat thetnorefrpquenlly ezperl- 
lUfuta liave been mailo. iind rtaiilis of Ibe 
Biiine hind arrived al — Ibat tbe mnre varied 
till: coDiUliuDS tinder wliich 11i« Bamu reuuUs 
liHve bfen ullained, tbe moru ccriaiii is Ibe 
iiltiDiHlti cnnclusioD, and be disputci) lbi> 
■liiestjuDQa funUtr. He sees ibat tbe ux- 
jti-riinKulhiis beea tried under ull BoriB of 
I.' indituiDS, as lo lime, place, aod people, 
•vith the same reeult ; aaa he snys wiib yii», 
llieieforc, (Imt liie luw you liave laid down 
iniul he a. codd one, and lie must believe il. 

In BCieucj we do Ibe sttiiie m.og i lb«pbi- 
lOBOplier cxerdBea prcclsrlj' Ibu same faoul- 
ii«H, tiiougb ia » niucli more delicate muD- 
ner. la scientific iii(|Uiry it tiecumea n mat- 
terof duly to expose a siippo»td law lo every 
possible kind of Terifiutition. and to lake 
care, moreuver, that Uii* is done Intention- 
iilly. und not left lo a mere accident, as in 
llie cuseof Ibe apples. And in science, ns 
ill conimiin lite, our cimfidencc in a law is in 
exHCl proportion to tbe ubscncc of vatiation 
in liie result uf our ejc peri mental f eriflcaliuns. 
For instance, if you let go your gniBp of an 
article you nmy bavu iji yniir baud, it will 
iiumediaiely [all In Ibe groiiod. Tltut is a 
Tory comitioii vciifitnliou of one of lite best 
eslublwbefi laws of nnlnrc— llijit of graTiia- 
tioo. Tlie mcltiod by wliicb men of scianco 
eeldblisli ILe cxislenrc of llint law is exiielly 
Hie came ua llint by ivlticli we have tslab- 
lislied tbe Irivitd proposliiun nbout ibc sour- 
new of haid and ereen apples. But we be- 
lief it in sucli nn"exlenaiie. Ihorougli. and 
unbent alinj; munnrr liecniise Ibe iiniveiBul 
expel ience urmiinkiiid VFilHisit, and we tan 
vcLify il ouiR'lves at any lime ; and Hint ii 
ibu£Ui!D(;cst ]iuEEiblc fuundaiiuii on which 
any naiurnl law can rest. 

Bo much liy wny of proof "hut IliE melhwi 
of cfiublii'liiuj: laws in bcIcdchi ia etiaLily il'c 
t«iiie as Uial pursurd iu common life. Let 
uaaiiiK turn in Muolliermulici(Ibougb i tally 
it ill hill anollicr phatit (<t llieFunie (jiitslinn), 
nndlhutis, 11><; mcihod by ^Fhicb, fiom the 
I phenoBii'na, »*o prove 
llmt Bcme Bland in Ihe position of causes 
towaid ilie oUK-m. 

1 wbiil 10 put Ihe case clearly tiefore yon, 
find 1 <»iil llieitfnte thow jou what I mean 
\tf snoiher familiar ixumple. I will sup- 
fiuea Ihitt oDf of you, on coming dnwu in the 
iHOining to the putlor of your house, Huds 
lhi.1 a leapot and eome Bpoons which had 
been left in the looni on iLe previous evening 
ale gone — ILe windiiw is open, and you oh- 
(wrrcibemuikrif ndiilyhand on the win- 
dowfiamf, und pubup?, iu nddition to Ihol. 
younnlicelhc inipMta of n hob-nailed shoe 
on tbit gruvtl oiil^tili'. All Ibese phenomena 
Lave Bttuck yoni i.ikutiun in^iantly. and he- 
forctno tniuutt!.! uic ]ijitsnlyou my. "'Ob, 
KUncbody has biikiii i p<n tiie window, cn- 
lend Iberucm. und iiiii i.U with the spocnii 
iitiil the tea pi it !" Ihnt tpcecli is out of 
your month in a momint. And you will 
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bas been the expippfirn rf what Is, I u all el- 
teiJlinl pailkultii'-, a h,(|iiilbeitlB. You do 
not kiitm ilal ull i it l^Il><1llilgbut n hyp<ilh- 
cilf lapibly fiuniid inyiiiii i.wnmlnd I And 
it is a liypuihi-Gis fi utjdid (.ii u long Iialu uf 
induct. 0116 and deiiueliLii^. 

What aie IhutEindiielli^nsand dcduclione, 
and how have you ^ot at Ihia bypotheiisf 
You have iiliHirved, m Ihe flr«t pluce, that 
the window JHopiu ; hulhyalralnof reuson- 
ing involving many inductions and deduc- 
lions, you have prolwUly arrived long before 
i[t Ihegeneial Ian* — and a very good one it is 
— llint windows do nut open of Ihcmselves ; 
and you Ilieiefaie cunclude Ihal E^utnMhing 
has opened liie wiudow. A sectind genera! 
law lliul >ou have ai rived at iulhesnnie way 
ie, tbiil lebpula sud spoons do not go out of 
a window EpODlaucousIy, and you an: salis- 
fierl that, aa Ihey'ate not now where you left 
ihem. they have t>eeu removed. Iu Ihe third 
place, you look at Ihemaikann [he window- 
sili, and [he shoe-marks outside, and you say 
that in ull previous expeiiencc the former 
kind of inaik haa never Iteen produied by 
anyliilug eliio but Ihe hand tif a huniao be- 
ing ; and tbe same experience shows thai no 
other animal but man at presenl wears-hhoeH 
with hob-naiU on Ihem, such a» would pro- 
duce the matlu in the giaveL I do not 
know, even if we could ditcovet any of IIi'bc 
" missing links" Ihat ate talked aboiil, ihnt 
tbey would help us lo any oilier courliisi'm t 
At any Mic. iha law which stales our present 
txpiiicuce is (.irong enough for my prcKent 
1)iir;ioHi-. You next lench the conclusion, 
ihiit nslhecukiudsot niuika have not lieen 
kfl l<y iii>y other animaN Ihau men, or are 
liablu lo be fornitd iu any other way ihan by 
a maa'a baud and shoe, the markti in (juea- 
liiin have beeu foimoJ by ananinlhat way. 
Y'ou have, futlher, n genmal law, fuundud 
rn olispiviilionand experience — iind Ibal.too, 
is, I am sorry to aay, a very univciaal and 
iiiiimppiichuljlo cue — that s ~" """ 
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thc'ie piemisses— and Ihat iswhnt constitules 
yuiir liypulhcsis — thai lliemnn who made Iho 
marks outudeitiidontiiewiiidnw-sill, opened 
the wiudow, got into the room, and Nolo 
your leapot and spoons. Y'lU have now 
anived at a eem eau»a; you have nssumud 
a cause which it ia plain is oompelent to pro- 
duce oil Ibe phenomena you have observed. 
You c:m explain ull Ibei^e phenomena 
huTO observed. You can explain all these 
only liy liio hypolheaia of a thief. But 
Ihat is a liypiilbelical conclusion, uF Ihe 
jusLlcu of which you have no absolute proof 
at all : it is only leodered highly probable by 
n series of iuiiuctivi) and deducliVB leason- 



I. nstjuming you 



I 



1 suppose yourflrst acl 
are a man of ordinary t: 
that you have eslahlished this bypolbesia to 
your own halistaclion, will very likely Iw to 
go oil fur the police, and set llieui on Ihe 
Itack nt the burglar, with Ihe view lo the 
recovery of your property. But just as you 
are slatling with this object, tk>me pcTBun 
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comeain.nad on learn lnr nlmtyiiuiirenbciut, 
MyH. " My good frk'no, you ore foing oq n 

Scat dual too fast. How do you kuow llml 
e moa nliorvnllynuido llio iiiiika took llm 
iipoona? It Tiiii^ln liaVB been a monkey lliut 
took lliPiii. nnd Uio man may liavo merely 
luuktd ill iiflurwaril.'' Yoii wouki prolalily 
reply. ■'Well, lliat is all very well, biiljou 
■ee it is coiiirury to all experience uf tlic way 
teipota and Bpoona are ubstracied ; so llmt, 
at any rule, your liypoUiesU Is less i^robablu 
tbnu mini-." Wliilu you ore tulkiug lUa 
thing uviT inlliisway.aniilbi-rrrieDdiirrivus, 
unn of lliat BQod kind uf [leoplu llmt I was 
InlkiDg of aliulo wliUiiugo. And lio might 
Bay. "Oil," my dear sir, yuii uro MCtiiinly 
going on a. crcut deal loo fust. Yi>u arc moet 
preHUiiiplLions. You admit lliut nil Ibeui 
iH.-cuirL'nce9 look place when you werB faet 
asleep, at a tims wlien you c:jurd not possibly 
iia'e known Ruylliing about wliat vmn luk- 
ing plaoe. Uiiw do you know Ibat iLo I.iiva 
ol naluru uro nol tin8[H-ndeil during llio niglit ? 
It may lie Hint llicro liiia been somo kiud of 
■uncrnnliiral inti'rrerenua In lliiacOBe," In 
point of fuel lio dMnres IbHtyour liypolhc- 
■U is one of wliich yon i.'annoC nt nil dunion- 
■t:HIc llictrmli.andliiniyou are byunmEiins 
sure that Uic laws uf nnluro are the sumo 
vIii'Ti i on nro asleep na when you arc 

WlII, now. ynu cnnnot nt t!i*u moment an- 
swer ihiiL ktuU iif ri'usi.nlDg. You fi.-cl (hut 
your wuitby friend has yuii somewbut at a 
dia^kdcanl'igo. Vuu nlll reel perfiiclly coa- 
finced iu your rwn mind, liunevcr, iJiat 
you are qiiiio rigid, a:id you Buy to him, 
" My good friend, I cuu only bu guided by 
tlie UHlutid piobabililits of llio case, and if 
jDUwili bo l^iud tuougk to stund aside and 
permit ms to puss, I \ii\\ j^'s iindfclditbo 

iioiiuQ." Wi'lt, wo wi 1 BupposD Ibat y:.ur 
uuiney is buccessful, and lliat I'y good luck 
you meet wilh a p'lUceman ; lliat tvenliially 
Ibe burglar is found Willi your properly tnliis 
person, and Ihemarksrorrpspuudlo bis band 
ftiid (0 his biiols, Ptolialiiy any jury ivould 
conaider IIioed (ucIs a very giiod eiperimen- 
lal veriflcaiion of your liypolbesis, loitcliing 
Ibe cause of the abnoriiul phrnomen^ ob- 
Bei7ed in your parlor, and would act uccord- 
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kind. 



I this suppoBilili 

order Ibat you might sen what aie the difl'er- 
fnl tsleps in an ordinary proceas of reason - 
injr. if you will only lake tbe lii-nbio !o ana- 
lyze II careFully. All ibe operaliuns 1 buve 
(letoriW, you will see, are involved io ibo 

uind of any man of sense in leading liim Iu 
i coQcliisioD as to Ihe course be should lake 

u uidtr to make good a luNbery and | iiiiicli 
;be uftunder. 1 tay Ibat you are it^l. lit Ibat 
caso, lo your conclusion by exactly liie Eaine 
traiu of leasouing as Uiat wbicli n niuu of 
Hience pursues when be is cmlearnrluf; lo 
discover Ibe origin nnd laws of tbe mi si oc- 
cult piienomena. Tbe process ia. nnd always 
must be, tbe same ; nnd prcrisHy tbe same 
mode of reasoniug was employed by Kewlon 



and Loplflce In their ecdcnvorti lo discover 
and define llio causes of llie mnvi-mcnUof 
Ibe beavenly bridiw. na you. wlili jnnr nun 
(■omnion-srnso. would enipl 'y ii dilcct t, 
liurgUir. The only dlOteriuce i->, Ibat lb« 
nalnro of Ilia inquiry I "' " '' " 

;iy step lias to bo mos 
_.. Iballbeni may n-t bo n 
flaw in yonr hypotbesis, A flaw or crack In 
many o( the hypolbencs cf daily life may be 
of liillo or no moment as nfleciing the gen- 
eral correctness of Ibe conclusions nt wulcli 
wo may Arrive ; bill in a EcienMfic inquiry a 
fallacy, great or small, is iilways of impor- 
tance, iind is surclobueonHlnnlly productive 
of mifcbierous, if not fatal, resulls Id ibe 
luBK run. 

I) J nut allow j'ouTEclvcs 1^ lie misled by 
man notion ibat a b^polbesis ia un- 
'iby simply because it is a hypoth- 
CEis. It is often iiigeil, in respect lo wime 
scientific canclusion. tbal, after all. It is cnlj 
a liyiioibesis. But wbnl more liavo we to 
guldu us in nine tintbs of Ibe most impoilant 
aJfairaof dailv life Ibanliypolheses. and often 
very ill-ba«.-tl nnca* K.) that in w-icnce, 
whciu tho (.vldt-nce ef a bypdiirslB is sub- 
(eclf d lo llie mf st rigid examinallon, wc luny 
cighlly puisuo the siimc cauitu. You mi^ 
have bypotbesoit and liypolbeses. A man 
may t v, if bu 1ike.>i, [but Ibo moonismadu 
of green cbeeso : Iliat is a bypoibests. But 
another man. who lias devolwl a great dcst 
of tinio and iiiientioa lo tbe subjeci, and 
availed himself of tlio most pnweilul t«JB- 
Bcopca and the resulls cf Ibe otHicr rat ions of 
olbeia, dtciarrstbatin his opinion it is prob- 
ably composed <il mulerinia veiy similar to 
Ibuso of which cur own ciitlb is mode up : 
and Ibat is also only a. iivpotbcsls. But I 
need iii>tlell you lliat ihtruis an coonnDni 
diScrcncoiuiUc vatuuotibo two bypolbcsea. 
That one wbicli is based on i^ouud scienllfic 
knowlodgD is snre lo liaro a corresponding 
value ; und tiiat which is u mere hosty. lan- 
dom guess is likely to have but little \aluo. 
Every great step in our progress in discover- 
ing causes has been miideiu CKactlyihesomo 
way as llial wiiicb I have detailed to you, A 
person observing Ibu occurrence uf certain 
facts and phenomena asks, naturally enougb, 
wliat proress, what kind of operation knowk 
10 occiir in nature applied to tbu particular 
rasi', will unravel nad explain IhamystenrT 
lieni'O yr:u have tho scientific bypolhesm ; 
ntidils value will be proporlionnto lo Ihe cars 
;ind (-iiinplelen>:ss with which its baxls had 
been tested and vciiflcd. It is iu these mat' 
ICTs as in the commoc^it affairs of praclical 
life: the guessof Ihe foul will be folly. whilB 
IhegutKSof tba wise man will contain wia- 
dim. In all cases, you Eee that the value uf 
tbe lesult depends on the patience and fnilh- 
fulness with which the investigator appliM 
t>j his liyjiotiiLsis t-very possible kiud oi verl- 
flcnlioD. 

I dare sny I may have to return lo Ibis 
point by ami by ; hut having dealt thus fu 
with our logical nietliods, 1 must now turn 
to something which, peibups, you may oun- 
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■tdcr more interrsllng:, or, nt nny rate, more moiluslt ; TriiobiUs, 

laiiKitile. But in rpiiliijr llicre are but few liuving tho eitino essrnliBl plau of cnuHlrt 

lliiD]^lbat rnn be mine im|ii)itnQt for yon lo lion, lliougb (liffcriDgiii niiiiiy (iel«ils fjon 

tiniluiatamllbaD tbu lutiiiulprciL-essee and tbu lob&ler or crab; anil ZJ'^nfnufnm, wliicli 

lueuna brwliieb ne oliiHln eclenliflc conclu- also n ciii^lacenn. Su Ibnt vim hiiTC all t 

BioDS and Ibeuriep,* Having graDledlhat tbe 

intiuiry ia ii prut^r one, miU biiving deler 

milled on Ibe tmlurcof tbc nielLodHwmuu lo 

puraue, and which only cun lead to BiiecvEi'. I 

muni uow turn to Ibe cuDsiderHlion of tin 

knn'nled^ of Ihe DHluitt of Ilie prncet-uH 

which hnvu leGuliid \a Ibc picBctil oi.ndiiiou 



n 



of orgHDic UHIU 

neif. lel me tay at oorc, Icct Ecnm of yoti 
uisiiiidciiitaud me, tbut I liarc uxlremely lilllc 
.(• ri't" il. Thu ciueMiOD of how [bo prcEtnt 
cuiid.I, II of oignniu ualuro cnme nlioul re- 
solves ilaelt into two qutDtton;. The flitil in, 
How baHni^niDio orliviugmnllercommenceil 
ilB czli-lcncu ? And Ihe stcoud fe, Huw 
bsB it i»(u (ii-iprluali'd ? On Ibe «ccoDd 
(ItlcslioD I thiiU have mole lo say licreafler, 
lint on ibc lliBt one, what I now Imvt to eny 
will Lefor Ibc muiit part of u negative cbar- 

If yon considrr what kind of cvldenre we 
i.-un linve upon ihls mutter, it will ifMvo it- 
self JDlo lwi» kinds. Wo may have bislnri- 

> (.-Hi evidence and we may hnvu cxptirimeiital 
evidence. It Is, for example, ccuci^ivahle. 
that inasniueb as the baideneil mud wbich 
forma a considerable portiou of Ibi.' thlckacts 
of the cBilii's cruit conlnlus falllidd recoida 

. nf liiQ .past forma of life, and 



Fauna reduced, nt llilapi.ricd.lo four fniina: 
one a kind of animal or iilani llial we know 
QDibing about, and iliiee undoubted animals 
— Imo crustateBnis and cnu raollusk. 

I IbJnk, contidttitig tile I'lgnnizatUm of 
iheeo mollueca and ciuelaciui, and looking si 
Ibclr veiy coir.plex uelure, llial it doesln- 
deed Tcquiie u vtry £tiong imaginntinn to con- 
ceive UiKt llieso wermhe tir^i cn-aled of ull 
living things. And you must taliE inio con- 
Biderution ibo fact ibiit we have not Ihe 
Bligblwi proof ihatlhtBO which we call the 
oldest beds are leully so : I icpfvi, we liave 
not Ibe aligliltat proof of it. When you Dnd 
in some pbiccs llmt in an euuniiouH Ibicknesi 
of rocks I here are but very scanty liaceaof 
life, or absolutely none at all ; aud tlial Id 
other parts of llio woild roi-ks of the very 
flame formation aie crowded wilh Ihertcoida 
at living furms ; 1 Iblnk it la impossilile to 
place any reliunco on tlie m|ipo8iiiou, or lo 
feel ouB'sself Jusllfieil iu supposing that IheM 
are the forms iu wblob life llrat commenced. 
I h&VD not lime boie lo buler upon the tech- 
moal grounds upon wbicli L am led Iu \Mi 
couoluaioo — that cuuld liardly Iki dune prop- 
erly in Uulf n dozno leclun.s ou that pait 
alone; In' -.-... __ 

that [ do n< 
oldest foim 



t)f life. 



Ilieec dlifcr more and mure as we go fuilbrr 
down — il is possible and conceivaiile that we 
mjglit come to some porticulur lied or sirulura 
which should contain the remains of Ibusu 
ctemtures with which organic life bc^an 
upon I ho carlli. And if we did so, ond if 
Hucli forms of organic life were preservable, 
we Bhuulil have wbat I would call historical 
cyidenco of the mode in which organic life 
Lpgan upon Ihispiiinel. Hnny persons wdl 
tell you, and indeed you will find it slnttd In 
many woiks on geology, that ibis has bceu 
done, and that we really prssesa stich a rec- 
ord ; there are some who imup;iue that the 
earliest forms of life nf which wo have ns 

Jet discovered any recoida i<ie in truth liic 
orma iu which animal lilo began upon the __ _ ,, __^ ..._ . 

S'obe. The grounds on which tbey base niay so snv, Ihey liuve shown tlie finger-post 
at supposition are these : That if you go pointinit to the roaJ that may luiid lo it. 
through theenormouslhickncBsoflbeenilh'a It ianot many yearn agi — and you must 
trust and get down to Ike older rocks, ihe recollect Ihat nrganio cheinislry is n younff 
higher verlehrale aninids — the quudrupcda. science, nut ubava u couple of gcnurationi 
birds, and fisiies— cento lo be found ; beneath old— you must not expect Ion much of it ; it 
Ihtm you flud only the invertel'iale animals ; ia not mimy years ngj since il . . - . 



Ibe experimental side to see wliat 
evidence we have llieie. Tj enable us to 
say that we know onythingubout Ibe experi- 
mental orlginulliiu of orf^anization and life, 
the investigator ought to lie able to lake in- 
organic matters, such as carbonic ncld, am- 
monia, water, and falines. in any sort of In- 
orguniu ciimljiualion, und be able lo build 
Ibem up into proteine matter, und that that 
ptotoine mattsr ought to begin lo live in on 
organic form. That, nobodv has done ns yet, 
and I su^Ticct it will l>e n long wbllo before 
anybody does do it. But Iho thing is iiy no 
means i^o impossible as it looks ; for Ibe ru- 
sesrches nt modern chemistry iiave siinwn 
say the road toward il, but. If I 



tknd in the deepest and lowest rocks iliose i 
mains become scantier and scanlier.not in any 
verygnidufti progression, however, until, at 
leuglh, inwhatare supposed to Ire the oldeEt 
rocfcs. Ihu unimsl remains which aie fiionil 
arc almost tilways confined to tour forinis— 
OUAamu.wliose precise nature Isuolknonn, 
wh^er plant or animal ; Linyula. a kind (<f 

• Thow who wiph lo Mudy tnlly \br i]ocirlne> df 
which I h.ve eTidfavnr^il lo i:iv>: •r.mc roimh nnil 
reidr iiluatrsilunB, muil read Ur. Jotiti Stugri JUlli'a 
■■ ttjiuia of ixigic." 



perfectly impissible to fabricate any or^anio 
compound ; tliat ia lo say, any njn-mincral 
compound whieli is to lio found in an oigan- 
izfd liein^. It remained so for a very long 
period ; but il Is now a consider able number 
of years siiici) sdlstiiiguislied f^n;lgo chemist 
coolrived lo fabricate urea, n aiilHlaace of a 
very cum pi ex cbarntler which foimaooBOf 
the' waatd products of animal striiolures. 
And of l^ile years a number of other cura- 
puuuds. such Its butyric aciJ, and otliera, 
huvu been udJed to tho list. I need not tc" 
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f mi that ciiiini^lry is nn cnormouB distance 
fnim the gun) 1 indicate ; ull I vh\i lu p tint 
out i!> you is. Itiut it ii by no mfaa» eaFu li> 
soy tliikt tlidl (joul miiy not ba raiched onu 
Jay. It may be iliat it Is impossible (or its Id 
prodilc:! tliBOondiUousremnklu lolliuoilgin- 
alioa ot life: littC wu must speak mmkbiLy 
Hliuut. Ili3 in.ittrr, iLnJ rucnilect tli.it Suieai's 
liui put lier foot upun tlio lioilom roiimi nf 
the ImlJer. Truly liu would lie a liold niim 
wIilI wmili veutura lo preJict wliure sUti will 
In 11 rty years hence. 

Tliuru is nuoilier inquiry wliicii bcura iii- 
iliroclly upon tliis queaiiuu, ami upou wliicli 
I iniiat Buy a few wjrdfl. Ydii iiru idl of y^,^^ 
ikWitiQ of tii» phenomena of wliut is called 
apnoianeous guaenitiiin. Uur forefullicis, 
Ujwrt t'J llie seven twill li cciiiuiy or tLeic- 
»l>oul4. uirimasined, in pcrfeclly fsnod fnlLli, 
tlint certr^n TCKaLalilo an.i uniiiml Torino gitvo 
birlli, la the procesi of llislr diicomposiliau. 
to ItiMct life. Tiiua, it you put u piece of 
mtiit iu the Bun, and qIuiwcnI it to puirefy, 
they conceived thai; Iha gmlia wliicU bikjii 
b"sr 111 W nppear wtre the result of the iiciiju 
nf^ii piiwur i>f gp in tan<^'>U9 generation which 
tlio (uwil iiontainnd. AndlhaycouLl (five you 
receipis [i>r mucins varluus animal and TCjrti. 
ttibli^ lJif|viniliou3 wliicli wjul 1 producu par- 
li'tiliir- kiiiil-i of auimals. A. vt^ry diaiio- 
guii; iL'd Imlma naturalist, nameil lla.li, loiik 
Vi,i iliL' qiie-iiiuQ at u lime whun everjliody 
iM'lifVi! ; in ii : aramg olherB our nwu great 
Hiiiuui'. iliB (liicjv rtT of ihe circulali.iii of 
UiL' bluvl. You will conatantiy find his 
niim ' ijii.ilui, however, as nn nppnn';nt rif 
IUmI iciriiicof spontanoous generaliin; but 
til': t ii:i is, nnd ynu vill see it if you will 
lakj III? truiiiilo ti look into irn works, Har- 
vey iiu'ii.-voil it ii ID prafonoilly ns anv man 
of his liuiQ : but ho bappenrrl t,> enunr^iaie 
n VBry curious proiiositlnn — ilmt every living 
1hing came f mm no efffi ,' he did not infan lu 
iMO iiie word In the sense in winch we now 
employ il. he only miamt lo say tiiat every 
Jiviiiir tiling nrijrinalcil in a lilllc roiiDiled 
panicle of orguniseil eulisiancu ; and it is 
I'liiiii ihi-i i'iii;uiiislui:ct', probjiily, iliul Ihe 
uutii>uiif Hiuvey baviu>^u]i|njieiiilit-ii.a^lriun 
»iigiDiiicd. Tutu (Miaiu ItfJI, and he pni- 
<««iit.il tu Hpsel thu dui:liine in a f ciy simple 
inaiiuer. Uti mcieiy covtied Ihe piL'ca i>f 
Iu^ at with tume very flau gnuie. anil i hrn te 
eupJSL-d il i^ the name ondillous. The le- 
-sult of this waH that d-i gi iib^ ur inxecla were 
pruilucud 1 he pii.veil itiiii ili» giuba ougi- 
uatud fiuni Ihe iusecla wlu cfmii iiud depots il- 
ed Iheir e^|j;s in lUe mtai, and ihaiihey were 
balL'lic[l bv the lu'al uf Um sun. By thla 
kinit of inquiry h« Uiniuiigldy up>et lliu tiixi- 
iiiii ; i>t spiinlunc'.,ui i,'euciaiiun, fur his lime 

Tihii rjimc the diBc^v^'ry and application 
iif III.! iLihT-.'spiipe li) 'L'iL'MLifle imiuiiiua. 




you took Bome onlinary liliick p«;pp>>r or 

Eomo hay, and nlecpe'l itinwuli'r, yuii wonld 
fin I in ibB course of u f:'w tliiya Iliiit the 
wilier hnd becnme Inipreirnated viiih im Im- 
menso number of uuiinniciilcs nwimmijig 
ulioiitinutl dIrartlODB. From facii if Ibif 
kind naiuralislawere Jpd In ri;vii-f ilielbpory 



i>f 
head, d I, 



nadu 



y fair i 



• il, snd 
- wliich 
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namU-t of minllle Uiin!:ri wh.i h <-.,uld 1m idi- 
l«in-d rtppan-nlly nlmnsl ill Wrll fiiini detuy- 
ing ve};cloblu and auimaJ fuima. I'hus, if 



of fliu animal v 

nppca's 

Biitof ilimlifuulKjiiiu. wiiKii, II It i^ placed 

under fnir cnudilinna, will I'aiist ' " 

lip into Iho farms of IbesD liltie imimalrulea, 

and llii-'y will gn IhruUKh llieir hvcHin itio 

samo way as Iliu ouimal lT plant of whicll 

IhcvimcD formed npnit. 

■file qiicRli'in n.iw In came very holly do- 
baled. EJpalianzuui. nn Indian naluiHlist, 
look up iipp.-n.lie views Ij lh"su of Nerdhait 
and Buffi-n. and by meaus uf curiam cxpeii 
mi'Dlsbu Bh'.iwed that It was qiiilu posaibU 
lo hlup the procesB liy boiling tlie water, and 
I'lrslng the vessel in which it was contained. 
" Ob !" said hia oppouenls ; " hot what do 
you know yuu may be doing when jou heat 
Ihe air ovtr the waler in tbia wayl Ton 
mity lie desliiiying aome properly of Ihe ulr 
tufpiisilo for Uie RpontaneouB generation of 
llie animideulea." 

iliitrcvpr, SpHllanEani'B 
posed to be upon iha right aide, and Ihiao of 
Ibc othui? f<ll iiilo discredit; ahhungh the ' 
TacL was tbiil Spallauzaiii hail not made good 
hU vbwa. Wfll, Ilien, the subject continued 
to liii levivod fnjni time lo lime, and expeli' 
intnti were made by several persons; but 
IlibiiU experiiiienia were not nitagetlicr aalia- 
faciory. It wiis found ilmt if yon put an in- 
fusion In which snimnlculea wonld appear If 
it were cxpaaed lo liie alt Into u Teasel and 
>iolled il, nnd llion sealed up tlie mouth uf 
tha vcsi;el, no IhnI no air, »ivo such fi ' ' 
been henled lo 313°, could rtacli its runtenlB, 
Ihiil ihenno nnlmiilcuIcB wnnid be found; 
but if run look the Fame vessel and (xpotcil 
the infusion tolhunir. Ihrn you would ^t 
aoimnlcules. Purllieimori', it was found 
that if yon eonnerled Ihe moulh of liiovefsel 
with a rpd-hot tube in auch a way that IbO 
air would have lo pass through the titiie Iie- 
fnrn reaching llio infusion. Ihnt Ibfn you 
w' uld iret nn nnimalculi'H. Yet nnolhcr 
Ibing was noliceil : if yi'U l';ok iwoflaak* 

containing Ibe Huniii kind "t infurfon. i " 

Icfl I'lie cntireiy exposeil t>i Ibe air, and In 
Ib:^' niMiilh <'f tlie other placed a ImII of cot- 
toU'WOul, so that UiB air would have to filtttf 
ilstit tliioiigh il luIiiU' rcai^liiuKIhe Infusion, 
Ihal iheu, .llhun^h you might have plenty 
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of anlmateuleB In tlia flret flask, you would 
CHluiQly nbtaiD dods frnm Iho eeuoDil. 

Ttiwuicxp^rimcDtx, ynu sue, all leaded tunr- 
inl iiue ('iinduHJon — (li»l llie infuAirift-were 
4ievelapeil from liUle nilutilusporfB ur fit)^ 
wbicii wure uooMunily flanlingiii iliomnios- 
pileTi^. wliicb lusellieir pdwtr uf i^imJDRlton 
jf Bubjeclud li) htuL Bui one uIisetvlt now 
nuiile UDollipr experimenl, wbicli Keonol to 
go eniitcly llic oilier ■way, and puzzlid him 
sllogeiber. He looksunieof thU li'>il:;d iu- 
Iwsloa lliat I have been speaking of. nud by 
the use of iimtrcurinlbatli — n kind of Iroiigli 
used In laboralnries — he deftly juvcrlcd a 
Tessel containing tbe infiiainn inlo 1 lie mer- 
cury, BO Ihat Ibe laller learihid a liirle be- 
yond Ibo level of ibe moiiib of iba intBTifd 
TCBsel. Yon ste llist be tliiis liud ti miupliiy 
of the iufuEiou shut, off from nuy pOBnible 
eommunicaliou with Ihe oiiliTau' by boing 
inverted upon a bed of mercury. 

Ho then pftpav'cd some pure oxj'gen and 
nitrogen gasea, and passed llicm by means of 
& IuIm} jjEiing from the oulEide (•! Ihe vessel, 
up through Ibe mercury into llio infusion ; 
so that Lb tbua had it exposed to ii perfectly 
pure atmoFpbcvo vl llio same ciinslilucuts m 
Ihe external air. Of course, be cspecicd be 
would get no infuBDiiultnimalcultii at allia 
Ibiit iufiiiica ; but, lo iiia prcat difuiuy and 
diseimfiluic, bo found ho almost always did 
gi 1 1 bem. 

FurUicimore if has been found llmt cxpcri- 
nietils maduittlhc manner dracrititd nbcvo 
answer well wllb moEt infusions ; but tbat 
if you All Iho Ttiiuiel wiih boiled milk and 
Uien atop the neck with cotton-wool you 
kUI haTQ infuBOTia. So Ibntyou sco Ibero 
-were two exiierimcnls that brought you to 
one kind of conelusion, and three tn 
anolbcr : which wna a most unBatisfnelory 
Btalc of things to arrlvo ut in a BcienliHc in- 
Some few yciira after tills, llio qiiestlon 
beKsn lo be very bolly discussed in Fmnce. 
There was M. Pouchct, n professor at 
Ruueo, u \ery learned mnu, but certainly not 
M very rigid expcri mental lEt. IIo publtsbud 
B cumber of expeiimenlsor hlaown, some of 
which were very ingenious, to show Ihut if 
you went to work in aproper way, Ibere was 
a truth in iho doctrine of sponlaneoiis gcn- 
cratiun. Well. It was ono of the most for- 
tunate things in the world that 51. Pouchet 
lofrk up this quesiiou, because it iniluced u 
disllnguishcd French chcmiat, M, Pasteur, 
t'j take up the question on the other side ; 
and lie has certainly worked it out in the 
incst perfect manner. I am glad to say, loo, 
Ibat hohitspubligbcdhlBTeseuTchcs in lime to 
enable mo lo giro you an account of Ihcm. 
Bo verified all tbo experiments which 1 have 
jual mentioned to you — and then finding 
Itioee extcaordinury nnouiulies, aa in Ihu case 
of Ihe mercury bath and Ihe milk, be set 
bimself lo work lo discover liicir nnlurc. In 
the case of milk he found il lo be ii quolicn 
of lemperalurc. Milk in a fresh slnlc is 
■Iij;hl!y alknhne; and it h ii verj- curiouH 
cireumBtuoce, hut this very slight di-giee ot 




alkalinity seems to have Ibc ufTcet of preserr- 
ing the organismti wliich fall inlo it from' I 
the air from lieing destroyed at a leinptriif J 
lure of 212', which is the iKiiliiig [ir.inL ' 
But if Tuu ii^su Iho IcmtKriiliiru 10° whin 
yuuboilil, the milk, bcha-islibi: cvirylhia);. 
cIeiU ; andif Itioair wilh which it CLmisia 
c(.a!acl. aFtrr lieiDg b(j;lt"l at Ihia tcnipira- 
1uie, U priised Ihiou^h a reiUhgt tube, yuu 
will net get a trace cf orgHuiBms. 

lie Iheu turned his uUcnIiou tu Iho mer- 
cury bath, tinil found on {\aminaIiou that 
the Eiirlaecof Ihc miiciiry wiiHalmetlalwuya 
coveted with a Tory tlue dust, llu found 
thai even Ihe mercury itaclf was poEitively 
full of organic mallcra; Ihnt fr^.m t>i.'iue 
constantly cx|)oned liitbi: air, it had coIU'Hc.l 
an immeose number of 1hc»e iufusoiialonraa- 
isms from Iheair. Well, LindL-rlheae circum- 
stances Ud fell tUot liie ca^ wa3 quite clear, 
oad that the luercuiy van uol whal il hud 
appeared lii JI. tichwaau lo Ihi — u iiur lo tha 
aomigsioa lit Ihesie tuganisms ; liu. Ihiit la 
realily. it acted aaa iuauf«oir liomwhichlhn 
infudion was iuunedlAlely supplied wilh Iha 
large quaulity mat liuJ so pu^zleiL him. 

But nut CQUlent Willi ix[iluiuiflg ihe ex- 
periiuHuts of olliers, M. Piiaieurwenl l.jwi-rk 
to BuU^Fy hinuulf compieitily. He said lo 
hlmiclf : " If my view ii light, and if, in 
poinii of fact, all these appi-arauccs ot S|)0D- 
taneuusgeneMli^Q am alUgelher duo lo ibs 
falling of min'Jle germt au3[>euded in tha 
atmoiiphMre, why, I iiught out only to be 
able tr) ahjw Iha go -oi', but 1 ought to lie 
able to calch uni sow lliem, and prjducu tha 
rcsultinx organiiius." lie, ai'^ordiugly, con- 
structoa a very ingeninua apparuius lo ouaiilo 
him to aecjimi)1ish thii Irappiog of lliiii 
"genu dasL'' m the air. lie IIkikI id the 
wiudow of his roLim a gloss tubn, in the 
cenlie uE which he had placed a bull of gun- 
cotton, which, aa you all kaaw, u ordinary 
cottou-wjjl, which, from having huiia 
steeped instrong acid, iacjUTcrted into a sulv 
stance of great eEplusifo power. It is alau 
anluhlo in alcohol and ether. One t^Tid of Ihn 
glass lube was, of cour^o, upon lo thu 
ual air ; and at the oiher end of il h~ 
an aspiratjf. a contrivance lor cuu 
current of the exteraai air to pass 11 
tlie lube. Ha kepi his apparatus gi ' 
four-aud-lweuty hours, and then i. . 
the duated guD-[»tti.n, and dissolTed i 
alcohol aud ether. Hi then allowed thin ta 
Bland for a few hou^a. and the result woa, 
that a very fine dual was gradually deposited 
at the h.jltoia of it. Tuat dust, on being 
transferrud lo llii) stagn of a micruBciipp. wag 
found to contain an eai)imjus uumber r>I 
starch grains. You know that Iha mattiiaU 
of our tiiud and the grenter p iriioa of pUnU 
are composed of sl.ircli. and we are cud- 
atantly making u,=e of it in a varitly of wayn 
sj that ibero is alway* a q lanlity of it sua- 
pended in tha air. It is lliesu stiiiuh giaius 
wliich farm many of llij^u biighl vjieclui 
thai svB see daucing hi a r-n- of light oomu- 
iimas. But braidei llicie, M. Piisleui found 
uumher of ulhui' ciganic 
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gM cu^ed in ILiii way. 

He went rnrtlier, ami sniil tu lumself, " I( 
tlu^u raatlf are ilii: linnet tliiit givo lise lo 
tbu appeurnncu of tipDutuueuiis gcneraliou, 1 
oui;hl [0 be ullle f) luke n Imll o( Mi dntUd 
guu-cuitua uii.l put U Into uno of my voioela, 
contaloia^ (liiit hiiXeil iurusiou wliiuli Ima 
''iaa kupt away from ilio air, and la wliitli 
uu iafujoria am ut prostsat dcvL-lopL'd, aud 
Limn, II latnrigbt, liie iaLroiljuLloii of lliia 
gun-uuttun will giro riao to organisms." 

Accordia^ly, lie took oqq oF Ibueo Tesacls 
or iofiislua, wliirli hud been kept eigljteen 
monliis. wiUitiut ilm least appearance of lifu, 
iind by a in'ist mgcuioiis cunlrivancu liu 
mnnngud ta break it open and tDtrwlucn Bueli 
n ball uf gun-collon, witliout allowing' tbo 
inru^ioD or tliQ uoitaQ ball to como into con- 
tact with any air but lliat which bad been 
BiibjucteJ tn a red lient, otid in twcaly-foui* 
hoiira lieballhccntiifiLutioiioF flnilingall the 
tcdioMious uf >vhal liad been hiLbcito callcil 
■pjolaneous gsueratioa He had succeeded 
in caLcbii).<; [liu f^anm and developing organ- 
isms iD Ibu way ba had anticipated. 

It now Btrunk him Ibut Ibo tniib of bis 
tisnduni'fQS luight hi demonstrated wiihoiit 
^1 the appn^klu^l he had employed. Tu du 
thli, he took same decaying animal or vcge- 
labld subEtlaiure, such ns urine, which is an 
t-xirotuely deuumposable substance, or the 
Jalus uF ycaat. or perlinns Bomti other artifl- 
oial preparation, and filled a vessel having n 
lon^ Lubnlar net^k. with it. He then boiled 
lheJiq''iil and bent that long neck into an b 
■liupe or 7.i!{-z:itr, leaving it open at the end. 
The iufusino then Rave no trace of any ap- 
pcaraaco of Bponlaaeons generation, how- 
uver ioDg it might lie left, na all the genus iu 
the itlr were deposlied in the begloaiD^ of 
the ben: neck. He then cut the lube close 
lo the vcKsei. and allowed the ordinary idr ti; 
Lave free and direct acceaii ; and ihe result 
of Ibul watr Ihe appeiirance of orgoidBiiiH in 
It, as Bonn as lUo iiitufciou hod lieen allowed 
to sluud lung eu,)u^h to allow i.f Ibe growth 
of IhoBe it leceiveil from Ibo air, which wus 
about forty-elghl hou.a. The result of M. 
Paslcur'.s (Xperimcula proved, therefore, iu 
the most couclusivu manner, that all the ap- 
pearances of spontaneous generation arose 
from nothing more than the depoaitioo of llie 
eerms of organisms which were coaslantly 
punling iu the air. 

To ihis conclusion, however, the objection 
was made, that if that were the cause, then 
the air would uontain auch an eaurmoiis 
Dnmber of lliesc germs, that it would be a 
continiiMl fog. But M. Pasteur replied that 
tbfy are not there in anything like ILu nutii- 
ber we might suppose, anil Ihal an exaugei- 
ated view liiia been held on that subject ; Le 
allowed Ibnl Ibe cliances of animal or vege- 
luble life appearing in inrusious depend en- 
tirely en the conditions under which ihey are 
exposed. If Ibey are exposed lo Ihe ordi- 
nary armusphere around ub, why, of course, 
jua may have orgHDisms appearing eailf. 



But. on Ibe other band. If Uiey are exposed 
tn air from a great height, or frum some very 
i|uiet cellar, you will often not find a single 
tract) of life. 

So that M. Pasleur arrived at lart ut the 
riear and dcfiuile leaull, that all these ap- 
peariincea are like the case of ILe worms in 
llie piece of mtat, which woa refuted by 
Rodi, simply germs curried by the air and 
deposited in tlio liquids in which Ihey aflet- 
ward appear. For my own part, I conceive 
that, with the particulars of M. Pasteur'a ex- 
liermienis l>efore us, we cannot fail to arrive 
lit bia conclusions, and that the doctrine of 
sponLnucDUB gene ration ha^ received a final 
eottp da gract. 

Voii. of course, undcisland that all this la. 
no way inlerfetea with the yogiMUtg of the 
fabrication of organic mailers by the direct 
method In which I have referred, remote as 
that possibility may be. 

LECTURE IV. 




The inquiry which wo undertook, at nur 
last meetiug, luto the alale uf our knuwitdfcu 
of Ihe cauties uf the phenomena of uiguuic 
nniure— of Ihe past and of the pteBiui — it<- 
Bulved itself into two subsidiary inquirien : 
the lirsc was. whether we know anyltiiug, 
either hi.siorically or ex perl men tally, of iiiii 
mode of origin of living beinga ; ihu seiiund 
subsidiary inquiry was, whether, ginuling 
the origin, we know anytliing about tbu per- 
petuation and mudidcatioQS of the forms of 
organic beings. Tbu reply which I liad to 
^iVD lo Iho first question was altogt-lher 
negittlvo, and the chief result of my laht lec- 
ture waa, that neither historically nor ex- 
litrlmenlally do we uC present know any- 
thing whiilsocrcr about the origin of living 
fotni:^ Wcfatvlhat hialoiicNily we nru nut 
likely t:i kn^w anything about it, allhouirli 
wo may peiliaps learn eomelbing t'X|ie'ii- 
mentally, but llml ^t present we are an enor- 
mniis dislanpR from the goal I indicated. 

I now, then, lake up the next question. 
Wliat do we know of the leproduclion. tlia 
perpetualion, and Ihe mudiflcatlons uf llie 
forms of living Iwinga, supposing Ihal we 
have put the qiicslion as lo Iheir originnliGn 
on one side, and h',ivc a!<Bumed Ihulal pri-senl 
the causes of their origination are beyi.nd ui, 
and that we know nothing about them? 
Upon this question the slate of our knowl- 
edge la extremely different ; It ia exceedingly 
large, and. it not cnmplele. our expeiieuce 
ia certainly moat extensive. 11 would be im- 
possilile to lay il all before ynu. and the tnoBi 
I can du. or nct-d dj Ii>-n.ghl. U lo lake up 
Ibe prindpul pomls and piii iheni lafurufoB 
Willi such prominence as mity subeeivo'ilui 
purposes of uiir piet-eut iiiguuieul. 

Toe method of the pciptiualinnof orgaalc 
beings isoflwo kinds— iliu ueexuiil auS the 
sexual. In tbu tirsl the pcrpelnution takea 
place from and by a paiticulur act of im I^H- 
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vidual organism, which sornctimts may not 
be classed us beloDgiDg la any hvx at all. In 
Uio EecoDil case, it is ia conacrjucDce of the 
mutual I ~ 

tionsoFllieorcaaisDisot' iisimlly Itvo dittinct 
individuals — Ilie mule and Ibc ((riiiiilH. The 
i oC asexQul perpetuatiun ure liy no 
33 so cummon us tliccuKPS of et-xuul per- 
petuiitiott ; and tbey are by no incii:ia bo 
(;o mm on in the aniinnl bb hi lliu vt^rtiabla 
-world. You are all iimbiibly fuininuy with 
Iho tact, as a matttr of expcticncL-, liiut jou 
can piopiigato plantii by men n a tf what ore 
(sikd .■' cutliuga;" fur example, lliat by 
taking a culling from a geianium plaat, and 
rearing it propcily, by supplylug il wiih 
light and waimih und uiiuriibmeiii from the 
e«ilh, it grows up and takes ilic foim of its 
[larent, liaviog all Ibc pnipeilici^ and peculi- 
uities of Iba uiigmal plant. 

gomelimes ibiaproceiiB, ivLicb Ihu garden- 
er perfurms arliUcially, lakca placu uiitu- 
rally ; Ihnt is la aay, a liltle bulb, or poriion 
ol the plant, detaches ilaeir, drops i.lT, and 
iKCumes capable of growini; us a Hcpsrate 
thing. That is Ibo case with many bulbous 
pltnls, ■which throw (iff in ibia way seccnd- 
ary bulba, which are lodged iu lliu gii.tmd 
and become developed Into plants. This is 
ui aecxual process, uud fcom It leaulls iho 
repeliliun or leproduclitm uf the form <if Iho 
onKiiial belug from which Ihc bulbprocecils. 

Among animals ibo same thing lakes 
place. AmuDf! the lower furnia iit imiiiiHl 
life, tba infusorial animalcules we have al- 
■eady epoken of Ihruvr oil certain potliona. 
or break Ibemselves up in various dirccliona, 
BumeiimcH Iranarerecly ur anmelimcs li>iigi< 
tudinully ; or Ihey mny give oil huda. whicli 
deliLCh Ihi'mselves and dcvtinp into their 
proper fonna. Theio U Iho cumnion fresh- 
water polype, for inHimeo, wliitii mulliplies 
itself in Ibia way. Just hi ihc t^imc way as 
Ibe gardener is able to niulliply and lepro- 
duco the pcculiariliea and churuclers of par- 
ticular olanls by means of cuttings, bo can 
tbo physiological experinienlallHi — as was 
riiuwu by the Abbe Trembley many years 

T— BO tan bo dolbe same thing with many 
Ihc lower furma of animal lifi?. il. du 
Trembley sbiiwed that you could lake a 
polype uud cut il into two, or four, or mauy 
pieces, mutilating 11 in all direcliim:!, and the 
pieces would still grow up and repMiducu 
completely Ihc original form of Uie animal. 
Tllese aie all cases of asexual mulliplication, 
and IherH are olber instances, and slid more 
extraordinary unes, in which this piocees 
takes place naturally, in a mure bidden, a 
more recondite kind of way. You are all of 
you familiar with those little green insects, 
ibe AphiK, or blight, as it Is culled. These 
little uniuiala, during a very conKiderable part 
of tbeir cxiBlence, multiply Ihemfplres liy 
niCHos of a kind of internal buddiag. the 
bulla being developed into esaenliali; nt.L'i.ual 
animals, which ure neither male uur female ; 
ilipy become converted into young Aphides, 
which repeat the proccES, endlbeir oSspiiug 
lifter them, and eoon again ; you may go on 




end thereis no very good reason to 
say how Ki«m it might terminate, or how 
long it might mil go on if the proper condj. 
lious of waimlb and nourishment were kept 
up, 

Sesnal reproduction is qtute a distinct 
matter. Here, in all these casca, what is re- 
quired is Ibe delscimenl of two porlionj* uf 
The parental orgiinisms, which portions wcj 
know ua the egg or Ibe Fpermainzoun. In 
plants it is the ovule and Ihc pollen-grain, as 
in Ihu KuH-eiing planla, or the ovule and llio 
antharozoniti, a^ in the tlowcrless, Am^ing 
all fnnns of animal life, Ibe spermaUistDa 
proceed from the male sex, and the egg is 
the product of the female. Now, wbut is 
Temnrkable about this mode of reproducliun 
is this, thai Iho egg by ilself, or tlie sperma- 
tozoa b)' themselves, are unablo If) assume 
the parental form; but if they bo brought 
into contact with una anulher. tlie cffeoi of 
the mixture of organic substancta proceetl- 
ingfrom two sources appeals to confer an 
altogether new vigor to the mixed proilnct. 
This process is brmghl about, ua wo all 
know, by the sexual lulcrcuiirse of the two 
Rexes, and is called Ihe act of iruprcgnutiim. 
The result of tliis act on llio part of the raalo 
and female is, Ihat the formation of a new 
being U act up !n tbo ovule or egg ; Ihii 
ovulo or egg soon begins tj bu diviiioil and 
sulidiyided. and to be fashioned into varidUN 
complex organisms, and CTenlually to de- 
ve1<ipiniolh« form uf one of itn parents, as I 
explained in tho first leclure. These am tbn 
procesies by which Iho perpetuation of 
organic beings issecnreil. Why (here should 
be lliD two modes — why this reinvigoralion 
should be required on the part of Ihe female 
clement, we do not know ; bnt il Is most 
ttssuredly the fact, and it is preaumnbic, 
that, bowuTcr Inng the process of a^'yuui 
miiltipticulinn could bo continued— I say 
there is good reason to believo I Imt it would 
come I'l an end if a new eommeoceraent 
were nut obtained by a conjunction of Ihu 
two BHiunl clcinenls. 

That character which is common to Ihesa 
two distinct procesaea ia this, that, whether 
we consider Ihe reproduction, or perpetua- 
tion, or raoiliflcalion of organic beings as 
ILey take place asexually. or as Ihey may 
take iilace sexually — in either case. I say, 
the offspring, has a constant Icnduncy to 
ussumu, apeoking generally, the character oi 
the parent. Asl said just now. if you take 
a slip of a plant, and tend it wiili care, it will 
evBuIually gruw up and develop iu'.o a plaut 
like that from which il had sprung; and 
ihis leudency is so strong ihat, as gardeners 
know, this mode of multiplying by means of 
cuttings is the only secure moile of prupaga- 
lln^ very many varieties of plants; the 

eculiarily of tho primitive stock seems to 
belter jireaerved if you propagate it by 
means of a slip lliaa if you resort to the 



referred, !t is tnasl extraardiaaiy tUat, ttl- 
thougli cni up iuto vuriuiia pieces, each par- 
ticulHT pieua will grow up ialo tlie form of 
tbc primiiive stoclc ; lliu head, if separaU-.i, 
iritl ri^'.ii U'tucu Uih body oad Ibe tail ; ami i( 
jnu cut uS the [nil yuu will find tliat tliac 
will n-praduce tlie body and ull the rest of 
the muniherx, without ia any way ileTiaiiag 
from liiu plan of the orgauiam from which 
tlieae porllcus liuve been dulucbed. And so 
fur dona tUia go, ihat Hume exprniaealulieis 
JiUTe (■fffefullv esacained Ihe lower orders of 
animula— ncnrm!;; lb em tbe Abbe £4pal]an£Bnl, 
wbr> mailu a number of expeiimenls uiwa 
snikila andsalamHiiders — and liave found that 
they mi^bt mulllate tbem lo an incredible 
eslcut; tbul yati mljfht cut oS Ibo jaw ur 
the greater part of tlm head, or Ihe le^ or tbe 
tail, and ropeal ihir ex puri meat several tlmi;s, 
perlinparuLling iiffllie aiime member again 
and again : au'i yet ouch of those lypi's 
would be repmiiii'eil accurdlua; to Ilie primi- 
tive type : natare loaking no mistake, never 
pu'blLng on a ficsb kiud of Ifg. or bimd, ur 
tail, but always teoding to repeat and to re- 
turn lo the primiiive type. 

It lit Ibc «ame iiisi-xunl repioductirm : It ia 
B. ma'.ter of perfflrlly common cxperitnce, 
thai Ibe tendi-ucy outhe [inrtof the offspring 
always ia, speatiii!; broa'ily, to reproduce 
the f.irm of llie purenia. The proverb has it 
tbat Ihe IhistlH does not bring forlb grapes ; 
so. atuuDg ourselTeit, there ia nlwaya a like- 
ness. more or lew marke I mid distinct, be- 
tween children and liieir ptiiviiu. Thut is a 
matter of familiar iind onboary observation. 
We notice tbe same thiu); occurring in tba 
oases of tbe domestic anioiaU— ^ogs. for ia- 
Btauce, and tbeir offspriog. In all tltesa 
cases of propagation ami perpetuation tliere 
aeema to bo a leDdeucy i:i the offjipriojr to 
take the chataclersof Ibaparental organisms. 
To that tendency a special nam", is gireu— 
aud OS I may very often use it I will write 
Itnpbcroon Ibia blackbnard that you may 
leniember il— it is called JtotJMm / it ex- 
preascii this teDdciicy to revert to the ances- 
tral type, and comes from the Lalm word 
ataaui, aoceslor. 

' Wl-II, this Aiaviim which I shall speak of. 
Is. ta I said before, one of thu most marked 
and Blrikio^ tendencies of organic beings; 
but. side by side with this hereditary tend- 
enoj', tberu ia an equally distinct nod re- 
markable tendency lo variation. Tlin tend- 
eocy to n-prmliice Ibe ori^ioal slock has. as 
it were, lis limits, and side by aide with it 
there is n tendency to vary in certain direc- 
ti>iiis, as if there wore two opposing powera 
working upon the organic being, one lending 
to lake it in a atraiglit line, and the olber 
tL-nding to make it diverge from that BIraight 
lini'. lirsl to one side and then to the other. 

So Ibat you aee Iheso two tendeocies need 
ivit prrcidely contrndict ono another, as tbe 
ullimalo result may not always bo very re- 
mote from what would have been the ease if 
tho line bud lieen quite Ktmighl. 

This lendency to vurialiuu is leHs ranikeJ 
In that mude of propai,Mliina which uikef 



place osexually : it is in that mode Ibat Uie 
minor cbaiacers of animal and veirelabln 
Hiitietures lire m'>st completily preeerred. 
Still, it will hnpi'cu SFimelinies. Ibat lliogat- 
duner, when beliaiiplanledaouttiiigof suiuo 
fiivorlte plant, will tind. contrary to his ex- 
peciBlioD. that Ibe slip grows up a little dit- 
fcrenl from Ihe primiiive atock — that it pro- 
duces liowera ot a different color or make, 
or some deviation in one way or aniither. 
Tbla la what bi called tbe " sportini;" c' 
pbmls. 

Inaiiimalsthephenomenaot ftsexnal prop^ 
action are an obscure Ibat at present Wr 
cannot be anid to know much about them ; 
but if we turn to that mode of perpetual bit 
which results from the sexual prnccaa. Ibea 
we Hnd variation a perfectly i-onstaut occur- 
Teocu. to a curtain extent ; and, Indeed, I 
tliiuk Ibat a cert lun amount of variation from 
tbe primitive stock Is tlio necessary reault of 
the melbud of sexual propagiitlon itself ; fur, 
inasmuch as tbe thing propagated proceeds 
friiiii two organisnia of different sexes and 
dilTerenl makes and teraiieraiu>-Dts. and as 
the olTsprIng is to be either of ono ai-s or Ihe 
uthor, il is (jiiite clear that it cannot lai an 
exact diagonal of the two, or it would be of 
no sex at^all ; It caunot bo an exact inlMme- 
iiiati! formbeiweeuihiit of each bf ii^par(-iilfl 
— Il miiBt deviate lo one side or Ihe other. 
Yoii dj not find Ihat the male follows Ibe 
prei:iBU ty|)G of ilie mala parent, nor does the 
female always inherit the preciao cliarucler- 
iallcaof Ihe mnlber — there ia always a pm- 
portinn of iho female character in tbe mate 
offspriog. and of tbe male character In the 
female offspring. That must be tjullepliUa 
to all of you who have looked at all atten- 
tively on your own children or those of your 
neighbors ; you will have noticed how very 
often It may happen that Ihe eon shall exhibit 
tbe maternal lypaof characler. or the daugh- 
ter possesH the characteristics of the faiher'a 
family. There are all sorts of intermixtures 
and intermediate conditions between the 
two, where complexion, or beauly, or fifty 
other different peculiarities belonging to 
eitlier adc of the house are reproduced in 
other members of tbe same family. Indeed, 
it ia Bometimea to be remarked io this kind 
of variation, that Ihe variely belongs, slrictly 
speaking, to neither of the immediate 
parents ; you will see a child in a family 
wboianot like either its father or llsmnlher ; 
but fome old person who knew its grand- 
father or graodmother, or, it may be, an 
uncle, or, perhaps, even a more distant rel- 
ative, will see a great similarly between tha 
chilli aud one of these. In this way it cod- 
Blanlly happens that the ebaracterisMc of 
some previous memlier of the family cr.mM 
out and is reproduced and recognized in the 
mr»t unexpected manner. 

But apart from that matttr of ccnernl rx- 
peiienre. there are some ca»s which pill iliat 
c'liri'ius mixture in a very clrar lijriii. Tou 
are aware that the offspring iif tlie nsH and 
tbi" horse, or lalher nf tbe be aw nnd the 
maie. is what is railed a mule ; and. ( 
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«)t.hcr band, Hid offspring oF tlic stdlioD niirl 
.lie Hhe ossis what is called afiiiw^. It in a 
>-pry rnro Ihini! in thU country lOEee ohiriDy. 
I Dcver gavf one n)ysi?1f ; biiL lliey Lave betn 
'.Bry carefully smdicd. Now. ilie curious 
'hiDg JB lliis, lljat allbough yon linve Hie 
IJHDU olcmeiits in llie experiment in cnch 
cnso 11)0 offsprinB; is enlirely difTprenC in 
clloracter, according Ha lliu malu inllueDce 
lines from tlio ass or ilie borsc. WEicri: Hie 
lais Ibc male, hs in the anse of Hie mule. 
70U find tbat the bend is like Hint of Iba 
asfl, that tlio ears am Ion";, ibe mil is tufted 
Ht Ibe end, Ilie feet ure small, ncd llio voice 
ja an. nnmiatukabls bray ; llicsc iivcnll pohilB 
r>f Bimilnrity to Ihc asa ; but, on Ibe otlief 
band, tbe band of the body and Ibe cut or 
Itie neck arc iiinUb more like those of the 
mure. Then, if you look at Ib^ liinny— tbe 
result of II1C nniun of the sinllicu and tbe 
sUc-ass. then you find it is tbe hotse (but lios 
Ibo predominance ; Ibat Ibo bead is mote 
likotbat of tbo linrss, Ibo cats are thorier. 
the legs coBiscT, and Ibe type is ulin^elber 
BlterecT; while tbe voice, instead of being - 
bray, is the ordinary ncrfh of tbe horse. 
Here, you see, is a most ciirioiia tiling : you 
laics exactly Iho same clenienls. ass itnd 
horse, but you combine Iho sexes in a differ- 
ent manner, and Ibe result is mudiRsd ac- 
rordiogly. You linvo in this case, however, 
ft ICSuU which is nut geuevHl aud unlTcrsol — 
Iboio is usually on impoitnnt preponderanoe. 
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I, per- 

: Ihe fact, 

.__... .8 sharing in the pro- 

diiction of the oftspiiog. and Ibat Ihe share 
labn by each is different and variable, n<'t 
only fur each combination, but also for dif- 
ferent members of the SBiiie family. 

Becoudly, there is a variHtlon. lo a certain 
extent — Ihoupb in ull probability the inQu- 
encc of Ibis cause has been veiy much exap- 
geraied— but Ihcro is no doubt ilial variation 
la produced to a certain exteiil by what are 
crmmiinly known as external cunilitions— 
Bucb ns tempcratuie, food, wnmilli. and 
.•tnoiature. In the lun^ lun, every variiitlun 
Icp'mds, in some sense, upon exlcrnul con- 
litlons, Beeuj; tbat everything has a cause of 
ila own. I use Ihe lerm " exlernal coudi- 
lions" now in lliu sense in which it is ordl- 
DkrilT employed : ccrluin it is, that external 
CDDilitions have n deBnilc effect. You may 
liiiM H plant which has single lluwers. and by 
■*^d«liDS with the soil, and nourisbnicnt. nnd 
•o OB, you may b.v and by convert single 
tloweiB into duiiblc tloweiB, and make thorns 
boot out into brunclies. You may thicken 
_r make various modifications in the sbupe 
of the fruit. In animals, too, you may i>ro- 
dnco analognua changes in Ibis way, as in 
TC of that dtep bronze color which per- 

.arely lose after hiiving paSECd nuy 

Itsij^ of time in tropical counliies. You 
may also aller tbe development of ihc muscles 
my much, bydintof training : all Ihe world 
knows that cxerciiw lias a great eSeci in Ibis 
w^ ; we alWHTS expect to find the arm of a 



blacksmith bard and wiry, and possessing » ] 
hirge development of the bracblsl miiscles. 
No doubt, training, which is one of Ibo 
forms of externa! conditions, converts what 
are originally onlv instmctiunH, teachings. 
Into habits, or, In other words, into onranl- 
nt ; liiil UiiH second 
t be crinsidcred lu he 
e. Tbii third cauM 
however, is a very 
I that, for want of a 
bettor name, has been called " sponianeoua 
variution;" which mwms that whi^n wsdo not 
know anythingabout tbe cause of pbcnonii'nn, 
we call it sponlaueous. In Ibo orderly chain 
of causes and effects in this wurld, Ibcru are 
very few Ihinga of which it can bo »iid wllh 
truth that they are spontaneous. Ccilninly 
not in tbeso pbysicnl matters-^ln those llicie 
is nolliing of the kind — everylhini; di-pends 
on previuus coadillona. But when wo can- 
not iruCB the cause ol phenomena, wo laJI 
them sponlanuous. 

Of tbusB variiilinna. muUlliidinous na ihcy 
are, but little is known wilh perfect iiccn- 
racy. I will mention to you some Iwo or 
tlireo cases, because they are very remark- 
able in themselves, nnd also Dccnuso I shall 
want to use them aflerward. Reaumur, a 
famous French naturalist, a great manyyenra 
aso, in tbe essay which he wrote upun Ihs 
art oE batching chickens — which was indeed 
a very ciiriuua essay— had occasion to speak 
of viirialions and monstrosilius. One very 
remarkable case had come tindpr his notice 
of a variation lu the form of u human mem- 
ber, in the person of a Maltese, of the name 
of Qralio Kellela, who was horn wilb six 
lingers upon each hand, and the like number 
oE toes to each of his feet. That was a car's of 
spontaneous variation. Nototly knows why 
be was born with that number of Angers and 
toes, and as wu don't know, wa call it a case 
oE " spontaneous" variation. There is 
another remarkabio case also. I select thes«, 
because they happen to have been observed 
and noted very carefully at the time. It fre- 
quently happens that a variation occurs, but 
the persons who notice it do not take any care 
In noting down the particulars until at 
length, when inquiries come to be made, tbe 
exact circtimslances ore forgotten ; and 
hence, multitudinous as may be such " spon- 
taneous" variations, it is exceedingly diffi- 
cult to get at the origin of them. 

The second case is one oE which ;'oii may 
lind ihe whole details in the " Pbilusophiciil 
Transactions" fir the year 1813. i« a paper 
communicateil by Colonel Buinpbrey to the 
President oE the Royal Sociely—" On a new 
Variety in the Breed of Shtcp," glvlngnn 
account nf a very rumaifcabls bueilot sheep, 
which at one lime was well known in Ihu 
norliieru States of Amarica, nnd which wont 
by the name of Ibc A.iicon or the Oiler breed 
nf sheen. lu the rear ITUl (here was a 
oof Sell! Wiighl, in Mos- 
lad a flijck of Bliecp, con. 
id, I think, of some twelve 
Of this duck uf ewes, unr 



farmer of the n: 
sochusetls, mil' 

or thirteen ewo! 
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rit Ibe breeiling.tirne iJore & lamb which wns 
very Biogularlf forniod ; it bud a very long 
bmly, very uhurt legs, and IhoBe Itga WKie 
bjwed 1 1 wil! tell yiiu by and tiy how tliia 
Kiiii;ular vnriaEiun In tba lirnKl of sheep tamo 
III bit noteil, und to have Ihu promlnpac-e Ibsl 
i( nuw bus. For ibe preMni, 1 mention only 
Ihbsi: two cnsos ; hut Ibe exlcat of variHlion 
in Ibe breed of aainials is porfectty obvious 
10 any one wbo has studi^ natural liUtory 
Willi ordinary attention, or to any person 
Will) coinparea naimnls with others of the 
same kind. It is strictly true that there are 
never any two spuumeos which are exactly 
alike ; howevi^r similar, they will always dlU 
fer in si>me cerlain particular. 

Now let UB go Imck to Alaviam — lo the 
hereditary tocduncy I spoke of. Wliat will 
conie of a, varialiun when yiiu breed from it. 
when Atavism comna, if I may say so. to In- 
tetsEct variation ? The two cases of which I 
have nipnlioneii the history give a most ex- 
'■plluQt ilUistration of what occurs. Gralio 
Ifelleln. the Slullesc, married wben he was 
twenty-two years of uge, and, as I suppoM 
Uicie were no Eii-fingered ladios in Malta, he 
married an (irdlnarj five-aogorcd person. 
The result of that nmrriuge was four cliil- 
druu : Ibu tlrBt, wbo was chi islennl Bslvalor, 
JiaJ eix fingers and six toes, like his ftillier ; 
ihc second was George, wIjo had five fingers 
iiud tocB, but one of them was deformed, 
(sbowing a tendency to variation ; the third 
was Ajidie ; he had Ave fingers nod five lues, 
ituite perfect ; the fourtii was a girl, Slarie ; 
bUe had five fingers and five toes, but bor 
ibumbs were deformed, showiog a tcudunoy 
l;ward the sUlh. 

These children grew up. and when they 
'_'uinu lo adult years they all marriud, nnd of 
course it happened that thty all married five- 
Ungcred aod llve-tocd persons. Now let us 
see what were the results. Salvatur had four 
children ; Ihey were two hoys, a girl, and 
iinotlier hoy : the first two Ixiys and the girl 
wero sis-flngered nnd sis-lbtrl like tiifir 
grandfalber ; the fourth boy had only five 
Hngera and Jive toes. George had only four 
children; there weio two gills wilh six fin- 
gers aud tixiocs ; ihcrc WHS one girl with six 
fingers nnd live lues on (be right side, and 
five fingers ami five loia on the left side, bo 
that she was half and half. Tbo lai t, a boy, 
had fire finals and five toes. Ttie thiid. 
Andre, you will recollect, was perfectly well- 
fiirmeO, and hu bad many cbildien, whose 
hands and feet were uU regularly developed. 
Matie, Ihelast, wbo. of course, married aman 
who bad only fire fingers, hadfour cbildren ; 
liio first, a iioy, wan bum with six iocs, but 
the other three were normal. 

Now observo what very extraordinary 
phenomena are presented lierc. You have 
an accidciilal variation aiiiing from wlmt 
you may cull a monstrosity ; you have Hint 
raouHtrosity tendency or variation diluted in 
ihe first instance by an ndmixtuiu with ii 
female ot normal construcliun, and you 
would naturally expect Ibat, in tlic luaultsof 
snch au union. Ihe monatroaity, if repeated, 



would be In equal proportion wilh Ihc nnmal 
type ; I bat is ti> say, that lite clilldica v^niiid 
lie half and IihIC, some lukini; Ihii picidiaiitj 
of the falher, and Ibe ollicis liclng vt ih . 
purely normal type of Ihe inoiluT; but jt.u 
see wo havo ajgrent picpoiidcianca nf ilie 
abnormal type. Well, lliif comes lu ha niiml 
once more with tbo puiu. Ibe normal ly[B". 
and the abnormal i^ ai.'iiin prcducud in nrga 
propottioii, notwilbsiandiog Iho second dilu- 
lion. Now what would have ImppcnMl X 
ibcae abnormal lyiies had intermarried witb 
each other ; that is to say. suppose tbe iwo 
boys of Bulvator had taken it into their head* 
tomarrylbeirfirst cousins. Ibe ttvo first girls 
of George, their uoc e 7 Vou will remember 
Ihal Iheso are all of the abnormal type of 
their grandfalber. The result wotiltl prob- 
ably have been, that their offspring would 
havo been in every case a tuttber develop- 
ment of that abnormal type. You aeuitii 
onlyiutbefuurlh, inthupersonof Marie, that 
the tendency, when it appears but sligbtly in 
the second generation, is washed out in tbe 
third, whilu liio progeny of Andre, who e 
caped in the first instance, escape allugellicr. 
we have in this ca^a a good exsmplo uf 
nature's tendency to the perpetuation oE a 
Tariatiun. Here it Is certainly a varialioo 
which carried with it ui> use or benefit ; 
and yet you see tbe tendency lo x>erpetuatian 
moy be so strong thut, iiotwiilislanditig h 
great admixtnre of pure blood, the variety 
couiinues itself up to llic third genoialion, 
which Is largely marked wiih it. In this 
case, H8 1 have Eald, Ibeni whs no mcftm 
the second generation iutcrmiirrj'iUij with 
any but five-fingertd persons, and the ques 
lion nHlurally Mi^gesls llself, What would 
have beenlbereFult of such marriage? BE- 
Huniur uariaies ibis cote only as far aa tlie 
Ibird generaliun. Certainly it would have 
been an exceedingly curious thing it we 
could have traced this matter any larther; 
had the cousins intermarried, a six-&nget«d 
vaiiely of liie human laco might liavo be«~ 

t'o show you that this suppoEi lion is by a 
mcuus un uurcusoiiablo one, let me mow point 
nut what took place in the cusa ol Seth 
Wright's sheep, where it happoiied to.lw M 
matter of moment lo him Ut obtain a breed 
or ra!se a flock of tslicep l:ku ihal aocidenlnt 
vaiiely that I have deEciibed— and I willtdl 
you why. In that pait of JlasracLuBelli 
whcro ticlh Wright wns living Ibe fieM* 
were separated by fences, and tbo isheep, 
which WL'iu very active and robusl. would 
roaiii abroad, and without much iliilrciilly 
jumpovci IhCEG fences int.i lAU' v iwiiyli^'i 
faims. As a mailer at couiki' ilil^ cxn'rer- 
aut uctitily nn tiie part of Ibu tbetp con- 
si anlly gave rise to all sorts c-f quaindu, liick- 
crings, and contentions suion^ ilio fuimersof 
Ibe neigliliorhood 1 so it occurred t» b' ' 
Wright, who was, like his successors, b .. . 
or less 'cuic, that if he could get n slock «i 
nhciip like Ibow with the bandy Irgs, ihef 
would not be able to jump over the fences ao 
readily, and ho acted upon Ihut Ideib Ha 
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kmed his old thui, and aa sooa as Ihu jaune 
ono airirpd ut maturity iio Lru'd tUufielher 
from it. The result was even uioro sirikiug 
IhaR in ILe buman exptrimcnt wlii.'-Ji I mcn- 
tloned just now. Colonel Humphreja Icsli- 
GcB tbat it always happened Ui&l Ihu cS- 
■priog were eitherpuroAiicuaa orpine utdi- 
narj^ eheep ; Ibut in no enac waa liicio any 
tniiin; of tbc AncunE with llic ullicrs. In 
consequence of this, in Ibc course of a very 
few years, the farmer was able to get u very 
c«nHideraIjliil1aukoftbia variety, mid a large 
number of Ihem wero eprcad Ibroogbout 
MaHs&chusettii. Most unforluuaLcly. bow- 
ever — I Buppoae it was because Uiey were eo 
common— uubudy look fnoujrh iioljro ol 
tliem to ptescrve llieir EkcliiuDB ; tiiid a!- 
tLongh Culouel Hunipbrcjs flults lluiC be 
BCut a Ekelelon to ILo president of itiit Ilojul 
Bociclj ut llic tame time lliut lie ruttvnrdcd 
hiB paper, and I am afraid tliat tlio vuiicly 
t)H8 entirely dienppeared ; foru tbtitt time 
>(ter theBO sheep had becnine pievalcut in 
that district (be Mctina ahtcp ucro itilrc- 
duced : and as Iheir wool \TUd inucb more 
valuable, and as tbev were u (luitt tare of 
aheep, and ehowed nu leudcney Ij IrcEpasa 
or Jump over fences. Ihu Oiler breed of 
sheep, the wool of which was iufei ior lo llat 
of the Merino, -was gradually allowed to die 

Tou see that ibcso facts illusiralo perfectly 
well what may he done if jou take core lo 
breed from slacks Ibat aio similur to each 

' other. Atler having got a varialjon, if, liy 
croHuaKUTariotiou wjih the original itliMli, 
yon multiply that variulian, and tlicn lake 
care to keep Ihal variation distinct frcni tbo 

I original slock, and ninke Ihem bicid to- 
gellier — Iben you may almost cerlainly pro- 
duce a race whose tendency (u ccclinuc lliu 
variation is eseeedingly sirou™. 

This ia -what is called " btlcclion ;" and 
it ia by exacdy the same process as ihnt by 
whicU Beih Wiiybt bred bis Aacon sbcep 
Ihst onr breeds of tntlie, liogs, and fowls 
itru (ilitaincd. There are eumc poaiiibililies 
of exception, but Btill, speaking broadly, I 
may any that ibis is llie way in which all 
our varied races of domesiie animals bavo 
arisen ; and you must uuderstsnd Ibat it is 
not onopeculiHrityoronecbmarteristic alone 
in which animals may vary. Thtro ia not a 
Binglo peculiarity or churaclerialic of any 
kiod, bodily or menial, in which offspring 
may not vary to a cwlain extent from the 
parent and ollirr animals. 

Among ourselves lliia ia well known. The 
slmplesl physical peculiatily ia luo.'itl)' repro- 
duced. I know a case of a man ■whose wife 
has the lobe of one of bereats a little flatten- 
ed. An ordinary observer rai^btacateely no- 
tice it, and yet every ono of her children has 
an approximation to the same pcculiority to 

If you look at Iho other cMr^me, loo, Ibo 
(rrrtvest diseases, such as gnul, Bcrofulo. and 
consumplion, may be liauded dow-i wiili iust 
the lamB certainty and pcrsistenee as ive 
noticed m Ihe perpeluiiliuu ot Ihe I'lmdy legs 




of the Ancun sheep. 

llowGVKr, these facts are best illustrated 
in nnimals, and the extent of the varialion, 
M In well known, is very remarkable in dugs. 
For example, there are some dogs very much 
smaller than others ; indeed, the variation ia 
BO enormous Iliut probably the smallest ilng 
would be about tbo size of the Ui-ad of tiiu 
largest ; ihere are very Rreat variations iu iho 
Eliucluial forms not only of the skeleton liul 
also in lUc sbapoof Iho skull, and in the pro- 
portions of Ihe face and the disposition of the 
teeth. 

The pointer, Ihotetriever, bulldog, and Ihe 
terrier, differ very greatly, nnd yet there is 
{.■very reason to believe Ibat every cne of 
these raises lias arisen from the same source 
— that nil llio iiiost inipoitant laces havi; 
arisen by Ibis selective oreeding from iicel- 
dunlid variiili.iD. 

A slill ijidcc alrikins rnsn of wli.u iiinv he. 
done by BtU'fiiivo Urctillrj'. .:ii'i ,i i.,: :■ iit 

lial infusion oC error {■• v i ■ " i ■ ii i.i 

Iiceii tluilji'd very c-ttfrui ■,■ m .'■i- ii, 'w.i 
^1 lie disc of tho domestic pigeons. 1 ilnie 
fiay tbeie may lie some amou^ you wui> may 
be ])\!^iin J'it?tckrf. and 1 wish yon (i> iimle - 
. s(an(( Iliut in approuebing Ibo sidijert I 
would spiflk Willi all humility p.ud liesiluii in, 
03 I legii't 10 say that I aii nnt api<r. on 
faui'ier I kuow it ia n gt-jat art and \n\-^ 
ter.r, nod n lliing upon wliieli a, m.in iti.iz-i 
not speiik lightly ; but I shall cnik-avur, iia 
far as oiy underslanding p;oes, to gi-e yw n 
Eumiuat.vof Ibo published and unpuliliiibcd 
infoimation wbich I liavo gained from Mr 
Darwin. 

Ainoug tbo enarmouB variety — I beliovfl 
there aie sumovhcre aiiouC a bundri'd imil 
fifty kinds of pigeous—tbeie are four khiU 
which maybe pelecled asienresentinglha tx- 
tremest divergeocesof one kind from auotbi'C. 
Their names arc the carrier, the pouter, the 
fautail, and the tumbler. In tliese large dia- 
grams Hint I have hero they nro cacii repie- 
sented in their relative sizes to each oilier. 
This first one is tho carrier ; you will nntii^o 
this largo excrescence on its beak ; it has a 
comparatively small bead ; there is a bare 
space round tho eyes ; it lias a long Deck, u 
very long beak, very strong legs, large fei t, 
long Wings, and so on. The second on^ is 
1 ho j'ouler, a very large bird, with very long 
legs and beak. It •: called Ihe pouter h^'- 
caiLBC it is iu tbehnbit uf causing its gullet In 
swell up by iuflating it with uir. i Hhuul.l 
tcii you Ibat all pigeons have a tendency In 
do this at tiroes, but in the pouter it i^ennltd 
tn an enormous extent. The birds appctir I^i 
be quite proud of their power of swelling 
t>qd puffing Ibeiuselves out in Ihia way ; iioil 
] think it is about as droll a sight as you 
crm well Bee to look nl. a cage full of lliese 
pJi.'eoDS puffing and liliwing Uiemselves out 
i> thiBlidicul'.,usmanni;i. 

This diagram is ii r>' present at iori of llic 
tWrd kind i inciiiioued— il 

r'u sue, a Hinail Inn!, witli exceedingly small 
gs nod a very aniall beak. It la most Liui. 
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rusly disllniniishcd by iho size nnd ex- 
tent of ita tail, whicli, JnKleud of cnnluiDinj 
foutteeu fi-atlierB, may LaTomuuymoie — say 
thirly. or even muie — 1 beliuio Ihcto iiro 
aorta wlili oa mauy ai fnrty-two. This bird 
has n curious li libit of apreailing nut I bo 
fi^llii-r^ of ila tail iu aucli a wuy iLnilliey 
reacli forward and loucli ita bend; und if 
this crin lie ucuomplisliert 1 bi-llfvu it is looked 
upon IIS a point of t'reut bi^aul^'. 

Uul here is IIib last great variely — Iho tom- 
tler ; and of Ibot great variety, one of ilie 
princiiM) kinds, and one mnBt prizud, U llio 
Bpceimen tcpreaejlcd bett, — tha alioit-tnred 
tumbler. Ita beak, you aee, is reduced 1o a 
mere uriibing. Just compare the beak of litis 
one iind that of the first one, Ilio carrier — 
1 l>DlieTo tli<^ orlliodux comparison of Ibu 
bead und heakofa Iboroughly well-bred tum- 
bkr is 10 slick an oat iulii n cLerry. and that 
will t'i^e you liiu proper rdalivu proporlious 
lit ilitj liead and beak. Tho fe'l and It'^ia nro 
exceedingly ijumli, und tho bird appears to 
be quiie ndwatf wbun placed sidu by side 
wiib tills (.T^at rurrier. 

Tliesc are difierences enoucU InregErdto 
their external appcrance ; liut tbesu differ- 
eneea are by no uLtaus tiie wliole or evtn Ibu 
mr.ht important of tlio dlfferpoces nLicb ob- 
tnin lir.lween tliese birds. Tlieie is Imrdly it 
single point of (licir strucliiro wliicli liaa not 
lie&.momoic or less altered ; andlogiieyou 
mi idea of how extensiTe tlicso nllerotions 
atc>, I bavn bctc soaie very good vkuletnna, 
t)v ■wlilcb I am indebted 1o my friend Mr. 
TeK^tnx^ier, a great aulbonlv In Ibcho mat- 
ters, by me"us of wliii-h, if you exnniino 
tbem by and by, you will ba able to see tlie 
uDOimoiis difference lu tbeirliony structures. 

I bad the priTilege, some time ayi. of 
access lo some important mss. nC Air. Dar- 
win, tcIid, Imay lellyoil, hasliikcn very great 
pains iiud spent tnucli Toluablu time and at- 
teuiiun oil llie invcsiigaliou of iliesc varin- 
liuns, and gelling togellicr all (lie facts tbnt 
bear upon Ihem. 1 obtained fioni iliese iiss. 
the foliowing sumraory of Ilia dillereaocs 
lietwecn tbedomeHtlc breeds cf pigeons — lliat 
IS to say. a nntiHcalion of llio vatious points 
m whicti their argnuizulion differs. In llie 
first place, tlie liack of the fkull mny differ 
a giiud deal, und the development of the 
boui'9 t<t tho fHCO may vary a gieat deal ; 
Ihe back varies a good deal ; the sliape of 
Ihe I'lWer jaw varies ; tho tongue varies very 
gtcally not tiuly in correlation to the length 
and size of tlie beak, but it seems also to 
havitabrndif independent variation of ila 
uwn. Tlifn tbo aniuunt of naked skin ninnd 
ihu eyes, and iit tliu hnae of Ibe beak, may 
vary enormously ; so may the leogtb of Ihe 
eyelids, the shupu of Ihe nostiila, and the 
len^b'of the neck. I have already nnticed 
llie habit of bluwmg out Ihe gulht, so re- 
markaltluin Ihu pouter, and cumpiiiBtively 
K.i in the nlbLTa. There aro great differ- 
i^ncm, lt>o, in Ihu size oi Ihe female and the 
iiiu'i^ the shapu vt the body, the namher and 
width of the proi«sses of Ihe ribs, the devi'i- 
opnwul ot the ribs, and the size, ahupe, and 



ilevelopment of the breast-bone. We tn^ 
noiico. tor>— and I mcotion the fact tiecamw 
it has lieen disputed by what is itssumnt In 
iHiliigh aiilhurity^thu variaii'iu iu niimlier 
of the sacral vertebrm. I'lio number o! 
1heix3 varies form eleven tu fourteen, and that 
wiihiiiil any diminution in tho number of tho 
vertebrEB ut the bat^k or of tlie tail. Then 
tho number and posilion of Inc tail-feathers 
may vary enormously, and so may the niim- 
l<er of the piitnnry and secondary fealhera of 
llie win;^. Aguln. the length of the feet and 
of Ibo Iwak — allhough they have no relsliou 
tu each other, jet appear to go together — 
that is, you have a long beak wherever you 
have long feet. There are dillerences also in 
Ihe period.i of the acquirement of ihe perfect 
Iibiiniige — the size and shape of the eggs— 
the nature uf flight, und iIih powers of llight 
— so-called "/.oniinp" birds having tn or mo us 
flying puwers ;* while, on the olber hand, 
the little tumbler is so called t)ecauee of its 
extraordinary faculty of Inruing head over 
heels in Ibealr, instead of piirsuiue a distinct 
course. And, lastly, the disposilinna and 
voices uf the birds may vary. Thus the case 
of the pigeons sbowa you that tiiere is haidiy 
a single particular — whether ut instinct, or 
habit, ur bony structure, or of plumage — of 
either the internal economy or tho external 
shape, in which snme vanallon or Uiangn 
may not take place whicli hy selective breed- 
ing may hecume perpctuate'd, and form the 
fmiudulioa of, and give rise tu, a new rac«. 

If you carry in your mind's eye thesit four 
varieties of pigeons, you will hear with you 
ns good a nnliun a you can have, perhaps, of 
Iho enormnns extent to which a deviation 
from a primitive type may be carried by 
means of this prncess of selective breeding. 
LECTITHE V. 

TOE CONDITIONS OF ESISTKKCB AS APPBCT- 
IKG THE PEBPETtTiTION OP LIVING BEINGk. 

In the last lecture I undesvored to prove 
to you that while, as a general mie, organio 
bemgs tend to reproduce their kind, there is 
in tbem, also, a constantly recurring ten- 
dency lo vary — to vary to a greater or lo & 
less extent. Such a variely, 1 pointed out to 
yuu. might arise from causes which we duoc^ 
understand ; we therefore culled itspontane- 

deliaite and mmkcd Ihiiic, withont any gra- 
dations bciiween itself aiid (lie form whidi 
preceded it. I further pointed cut Ihat nuch 
a variely having uncc arisen, might be pei- 
petualed tosome extent, and indted ton very 
marked exlent, wilhnut any direct interfer- 
ence, or without any exercise of that process 
which we calltd seleclion. And then I Eintud 
further Ihat iiy sii'b seleetinn, when tier- 
cieed artificially— if joii look care lo biccd 
rulv fiom Ibofc fuin.s which prtscnlfid Ihu 
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Tlie next quesIiuD, scil it is an inipor- 
laot ono for u«. is lliis : la tlitre an^ limit 
lo lilt HDount (it varittlii>n from Ihe virimiliTe 
Mack wlikli can be prndured by Uiia proi-usa 
ofsclecliTB lireeding? In cnnsideriiig this 
queatlon. it vUi be useful to class thu cbar- 
■cteiinUcB, in rtapecl of whicti organic beings 
vary, uodtr iwo beads : wo may cunsider 
etnii^liiml cburuclerJElios, and we may cod- 
fiider p by Eifi logical ch am cteri sties. 

In lliQ Hi>t iiIhcc, uu tcgards sUnctural 
cliiUSCleHslits, I endiaviiitd lu sbow jnu. by 
the akelelnun whkli 1 had upon Ihe (able, 
and by rtfrivnce lo a gient nmny wtil-nsci'r- 
tainw facii^, Ihnt iliu difFeitul bit-eds of 
plgeoDS, Uie cnrvii'tt', ponlciE, and lumlilers, 
might Tury in any it llicir inlecnai and im- 
poTlant tUUfitual dinrnciera Iti a very great 
ilrgxe : not only mighl lliere be changes in 
Ihu pmpnilirnii (it llie i-kuil, and Ihe cbaiac- 
ItuTB of lliB ft'i'l irnd Unks. iicd BO on. but 
that IhKiuniit'bt lie an aliaoliilc differtnec iu 
Ibe number of llie veilebiBB of ihe huck, as 
in thu BBtaal vtilebTS of the pouter ; aud so 
great !• Ilie cxlini (if Ibo taiiaiion iu these 
and Bimlliir chariiclers that I pointed out to 
JOB, by lufcrrnco lo Iho sltelplona iind llie 
diagrams, Ibnt XUeso exlremu varieliea may 
ulMoluiely ililTiT mine from one nnolber iu 
llicir htnirltinil I'liantelers Ibnndo whulnatu- 
rslistBcaJI ilislinci Species of pigtous ; (liat 
ta to aay, llmt tliey diScr so niiieii in ttrue- 
lute that Ihetui:^ iigriHierdiffiTeni'el'clwecn 
tlie pouliT nnd Ihe lumbler llian tliwc is be- 
tween such nild aud di^linct forms us Ibe 
rockpigenn or ilm ling pigeon, or the ring 
pigeon and IbesUck dov^ ; and, indeed, Uie 
dlSeienLta atu of gienier value tbau tbie, 
fur Ibo sttuclurul difTerencta between tbiiie 
domeetiealcd pij^oaus are sueh us wuuld be 
ndmiltcd by n uuiutalisl. supposing he knew 
nntlting ot all nliuiit their oiigiu. to enlitle 
Ibem. to uonsliiiile even dislinet genera. 

As I Lave used Ibis term Specieb. aud 
aliail probably use It u. gnod deal, I bad bel- 
ter, perliapB, devolu a wurdDrtwuloexpluin- 
Ing what I mean by il. 

AuimaU nnd plauta are divided into 
groups, which become gradually Enmlier, 
iK'giDnio^ with a kingduni, wbicb is divided 
inlif Bub-kiugdoms ; Ilien come tbo smaller 
dIviaiouB oulled proTlnces ; and so on from a 
prjviDct; to a class, from a class In an otder, 
fium orders to families, and from ilicse tu 
genera, until uru CDine at length to Ihe small- 
est groups of anituala whicb can be defined 
one from ILe other by conBtaoC cbaraclers. 
which are nut bckubI ; aud lliese are what 
noluralisla <.'nll i-pecies iu piaciice, wbutever 
tbcjr may do la theory. 

If iu a Blule of ualure you find any two 
fCnxipci of tiviug beings wbicb are separaied 

one from ilie other by 

curiinB' eliaraolerislic, I d 



arities, then all naluralists ngrea in calling 
them twit species : that is wbal i.s meniit by 
the use of tlio word spcdss — thut U lo nay, 
it is fur Ihe prat^licnl iialiiiidiHt u m>.ie uiks- 
llon of Etrticiuiul ditfi-ri iiei s," 

We Imvt! !(«□ unw — In lep'iil Ibis point 
once mure, ami it is veiy eBaeuiDil lliulwe 
ehouhi riffhlly uuderatauJ it — we buve i^ten 
that breeds, known lo have lieeu derived. 
from a common stock by selection, may ba 
as diHerent in their structure from the origi- 
ual stock a-i speeiea may be distinct from 
eacll other. 

Cut is Ihv like true nf the iiliysiiiingical 
cbaiaeleiiAllcs of annuals. Do 1l>c physio- 
logical dillorencea of varieties amuunt In de- 
gree to those observed between forms which 
nHlurallsts call tUslinet species ? This is a 
most important point tor us to oinsiiler. 

As regards tlio great majoiity of pliyHlo- 
logical characteristic.*, Iliere is no diiubt.lUitt 
they are oapable of lielns developed, In- 
creaaed, and moditled by Beli'CiiuM. 

Tliere is no doubt llial. breeds may bo made 
as diSerent as spccicB in uniuy |ih v siologlcid 
cliaracters. I have alreaily puinled u'li to 
Vo 11 very briefly the different Imliils 'if llie 
liieeQs of pigeous, all of which depvinl nimn 
llicir piiyaiologicid peciiliaritlHS— Hi i,iu iin'i- 
liar habit of tumbling, Id the Imulili^i— iln 
peculiarities of fligbt, in Ihe " hoiuiug" binls 
—tlio strange hubit of spreudiue out tlif lail, 
and Walking in u peculiar fashion, ia llie 
fantftii^and, lastly, the habit of hlowlng out 
Ibe gullet, Bu charautei'iatie of Ihe punier. 
These are all due to physiologic .d mudiflca- 
tion, and in all lliesu respecis these liirds dif- 
fer OB mueh fr^m caeb other as any two 
urdiuary spncics do. 

Bo with dogs in Ibeir habits and instincts. 
It is n physiologlciit pecullailiy which ieada 
the greyhound lo ehaao it* piey bv liglit — 
tbat ennbleB the Iiea>>;le to truck it by Iba 
Hceat — that impels thu lerrler tu its latliant- 
ing propensity — and Uiut leads the lelrievCT 
to its habit oi retricTtng. Tbesu habits aud 
iasliiictsare all Ihe res^ILs of pliysi ilog»aJ 
dUTereQcea and peculiarities, wdiL-li liave 
been developed from a common atoek, at 
least there ia every reason to believe so. But 
it is a most singular ciroamatancu lliiil wlida 
you may run through almost Ihii whole noiiea 
of pliysiological proceaaos, wilhriiit liudiuj; \ 
check to your argument, you couiu at list lo 
a point where you find a check, and that is 
in the reproductive prouesses. For Ibuie U 
B most singular circumatanee ia respect Ii> 
natural species — at lea.it about some of iheni 
— and it would lie sufficient for Ihe purposes 
of this argument it it were true of ualy ona 
of them, but there ia, iu fact, a great number 
of such cases — aud that is that, siiudar as 
they may appear to be lo more races or 
breeds, they present a marked peculiarity ia 
tbo reproductive [irocosa. If you bieud from 
Ihe inula and female of the same race, you uf 
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course have offspriDf; ot the like lilnd, and ]f 
jan miike the offspring brued togetlicr, you 
iibLuin tliu BBinu result, aoA if you breed 
from tliese agniu. jou will still Itavo Ilie snme 
kiud of offuprinp; ; ibL-re la no cUeck. But 
if you take meniburs of two distinet apeciea, 
however similar lliey may bo lo each other, 
and make tbctn UtckA togElber, you will 
And a cheuk, with some mndificatiuos iind 
exueptinna, h'lwevpr, ivliiuli I shall spenk of 
preaeutly. If you ciosa two such apeeiea 
with each other, then— altboUKh you mny 
get oHsprln;? in ihe fuse of the firel cross, 
yet, it yim alterapt to brewd frum Ihe nro- 
ODCls of llint oroggiog, nhich are what aro 
culled liyhrids — ibnt is, if you cooplo it male 
and a femnle hybrid — llioa Ihe result U Ihnt 
in nlnely-uinc eases out of n huiidrrd jou 
will RUt no offspriog at all ; there will be no 
iMnlt wbalsoevfr. 

Theri'asnn of IhiRi^quile obvious in Home 
casus ; tho malo hjhrids, although possesa- 
ing nil the utcninl iippi-ntaocea add cliarac- 
teiiHtics of perfect anlmuls, are pbysiolugi- 
cally imperfect and delicieot in Ihe slruc- 
tuiat parts of thu reproductive elements 
necessary to gencialinu. It la ?iiid to \te in- 
variably the case wiih the male mule, the 
rmaa bi'tweca the ass ami the maie ; and 
hence it is that, uIlliou;;)i crossing tlie tiuisc 
wiih Ihe ass is ciisy cnuiiirh. and is consluully 
rtono as far as I am awiire, if you take two 
mules, a male and a female, and endeavor lo 
breed from them, you gel no nfFspriug wbnt- 
over; no gcneralion will liike place. This 
is wbat is called lite eleilliiyof Ihe hybrids 
between two distinct species. 

T&u seo Ibiit this is a very rxtrimrdinary 
U! does not see why it sbould 
I teleiilogicat explanation 
is, that it ia to prevent Ibu impurity ot Ibn 
blood resulting finm ilie crusslug of one 
apeciea with anulhi-r, but you >-rn it does nit 
in reality du snythiug of iho l.iuil. There is 
nollilDg in this tact lliat hylnida catmnt breed 
with eauh other lo establish such a theory: 
there is nnlhiug lo prerent the hoi so breed- 
inrr.with Ibc ass, or Ibo ass wiih the horse. 
So that this exfilanalioa breaks ilnwn, us a. 
great maoy txpltmatliina uf I Ills kind do, Ihut 
are only fouudcd on mere aajiumptions. 

Thus you see that Iheni is a great differ- 
ence be'uween " mongrels," which arc cnisses 
between disiiuct races, ai<d "hvbridx," 
which are crosses between distinct species. 
The niougrels are, so fur ns we know, fertilu 
with one anolher. But belweeu tpecies. in 
many cases, you canoot succeed in obtaining 
even the first cross ; at any rate it is qulla 
certain that lire hybrids nre often absolutely 
lafertlle <me with another. 

Hero IB A feature, then, great or Emull ns it 
may be, which distlngnishus natural epi'dca 
of auimnls. Can we 0nd any upproximnllou 
to this in the different racfa known to l>c 
produced by oclcclivo breeding from a com- 
mon stock ! Up to the present time the 
answer lo that oueation is aMolulely n nega- 
As far as we know at present, 
there is nothing approximalin^ to luis check. 



In crossing the breeds hctveen the fantidl 
and the pouter, the carrier and the tumbler, 
or any other variety or race you may nama 
— so fur as wu know at prtsent — there is nj 
dilHcnlly in breeding together the mougreU. 
Take the carrier iiuiTlhe fuoluil. f or ioftaiicc, 
and let them repr!>iienl thu bmso a&d the rm 
in the case of dl»iirn'i species; then yoa 
have, as IhQ result of their bleeding, tlio 
carrier-fanliiitinongrct— we will suv the male 
and fenmle iniingrcl — and, as far as wu 
knuw, these 1 wo when criwaed woii'd iinttiu 
lesR fertilu Ihnn the orluMial cross, iir tlian 
carrier wilb carrier. Here, you see, b a 
physinlogicat contrast hcrween the races pro- 
duced byaeleclive mndiSi-alion and naluml 
species. I shall inquire inlo Ihe value ut 
this fact, and of aumu modifying circum- 
Hlnnceii, by and by ; for the present I merely 
put it broadly before yoi 
But while coiisldeihif ' 
limilatluns of species, i 
about what is called liecurreoce — Ilie ten- 
dency of races whichhave been developed by 
selective breeding from varlelles to return to 
their primitive type. This ia supposed by 
many to put an ahsolule limit lothBcxieol 
of selective and all other viirialiuns. Proplo 
say, " It is hH very well to talk about pro- 
duvlag thi-se illffiTcnt laces, hut vou know 
very well tlnit if you turned all llirj<e birds 
wild, these pouleia and carileis, uud eu uu, 
they would nil icluiu M their primilivo 
Rluik. " Tills Is vciy UiUimunly abxuinei; tu 
be a fact, and it is an iii;:umeul lunl is Ci m- 
mouly brcuglit forwaid as coiiclusive : but 
if JOU will tukeihe trouble to inqiiiie into it 
lather doselj', I Ihluk you will find Mml ^ 
is nntwurlh <eiy miub. The r::i-i iju ^lion 
' ■ Dutheythlis ' - ■ ■ ■ 
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. d iiiid nccepled. it is tMii'iiii.ly diftl- 
cull to get niiylLlnu' like good evidence uf it. 
It ia ronBlriutly said, fi.r i-xaiiiplc, Ihut It 
dcmesliciilid lioiscs nip Itirni'd wild, ua ihey 
linvi- hcen in Mime puiis if Asia Minor and 
Buuth America, thai iliey uluiu at once to 
the piiiiililve MitK fioiu which ilicy were 
bred. Dm Ihc flitl auiwer ihut :>oti miike 
to this afsuiupllin is, to iitk tvfo knowi 
what llio piimillTc slock was ; anil the src. 
ond nnsH'tr i^ that in Ibnt case the wild 
hoiSfs of As^aHlniirouBht to beexactlj' bkt 
tho wild boTws cf Snulh Ameiica. If ihty 
nro both like llic lume thing. Ihiy luifM 
mnnin Rtly to lie like ( ul h othi i ] Tiie iVal 
nulhoiiticd, however, till « on lh»t It In Llllta 
dilTi [Gilt. The wild lioiee of Aeiii is tfild ta 
1 u of a dun ci'lor. with a iMrgish bend, an* a, 
gvrnt ninnyolher petulliiiliiis. >iliitulhi!lK.« 
aulboriticH (>n ll>e wild hMMs of Baiuth 
America lell yru llial llieic Isiiolhlngitf thtl ' 
toil ill Ilie wild iMUFislheic ; Ibc tut of ibeir 
heiida is vciy oiflciint, sntl they aie Gei»- 
monty i brslmit ■ r bay colond. It Is Qlilt« 
char. IheK'fiiie. ilnl as by llitse fuclii Ihcie 
ruuhl 10 liiive hien two prinillive elcckp, 
they cii fdr ni tliiiij; in Euppoil of llie hs- 
tuniptlon that rwcis mur lo one |iiimlUvi) 
stock, and bo fur as this evideuu) la < 
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cermd It fullH lo ilie ^tiund 

Biippose for ii niumcDl timt !t were bo, « 
Ibat douiCBiiL-ulcd riHTS. wljtn liirned wi 
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prnriuce BJtnilar rcstilta ; sndtljHt whrifyuu 
luku buck dDmcGilcQlcd aniinala inlo trlial we 
tnl) nnliiral cijDditiouB, jou dn i-xnclly ilio 
mine tliiD}; aa if you carefully undid ult the 
■wiitk )-Du hod gone Ihrougli, lor Ihi; purpoae 
of biingioj; Ilie animal fiom iia wild lo ils 
domes) k-a led state. I dt> not see onylliing 
Tery wcuderful io liie fiict, if it toolt till iltat 
tioDi>)c to CGt it fibm a wild Etale, lliat it 
alinuld gn back into ils oiiciunl slule bb euoo 
AB you ii'moTC Iho roiidlliouB wliicli pro- 
dimd 'he Ttirialion In Uie di/inetticulcd 
form. Tliere is an itnpiirlaDt fnut. hdwever. 
foiL'ihIy btuughl finwaid hy Mr. Dniwin, 
-which liBS tuen rn.licid in rouneclion with 
tho breediug of dnincftictiKd piKeoiia ; and 
ills tlml. howPTcriiifTi'iiiit lliCfe bitedsof 
plKeniis mny lie fimii lafh oilier, and we 
liuve alicudy noiicid Ihc gnat diffeiEiiccs in 
IlicBe tiieeitB, thai if, HniuDg any of llinse 
mrialiona. yon cliancv lu Ijhtc n lilnu pigenn 
turnup, it will b«guielo have Iho binik Iirih 
rrroro liio wincB, wbicb are chaiaciciiHiic tt 
Ibi! origiunl wild alock, Ihu rock pigeon. 

Nnw Ihis ia rtTliilnly n veiy reniaiknlile 
pliiiimfiancc : liul I du not see myself how 
ii JiBa very elrongly cillier one way nr rhe 
tiibtr. 1 Ibink, iu fact, Ituil this ni^ument 
in favor of lecurienrc lo the piimilivo lype 
rni^-bt proce a gieal di'nl Inc niucli for lliose 
who «o conslanlly bring it foiwiml, Port'X- 
Mtnple. Mr. Daiwin lius vtry fnii'il>ty uiged 
that milling ia coininniK'i' Uimi il }'i,u I'xun)' 
itieadiiii horse— and 1 imd nu nppL.iliinilr 
iif v.-iif)inglhis iilu-linLi.,n lalcly whilo in 
the iaiuuds ol Iho West iIi>;blandH. whoie 
Uieie are agreat many dim Imiws— In find 
ihHt hUTse exhibit a loa^ black atiipe duwn 
bis buck, very often Blripes nn his shoulder, 
.nd VBiyoften atripcs on Ida legs. I myself 
riw a puny of this description a shoit lime 
..go, io a baker's carl, near liotheeay, in Biilo ; 
it l)ad Ihe long atripo down the back, and 
stripes on the sboiildera and \egB. jiiat like 
IhoBo of iiie 1199, the qiiaggn. and Ihe zehra. 
Now if wo inlerprcr \i,e lliKTy of recur- 
tence as applied lu this cum-, mtu-lil 11 urt be 
said that here was a case of a varialiun ex- 
bibiling the characlera and wiudliiona of un 
animal occupying soiiieiliin:: like an iuler- 
in.;rlia(e position between the liorse. liio ass. 
Ilia iiiiagga, and Ihe zebra, aud from which 
liiL'su hatriiticn developed t In Iho saiiiu way 
vritli regard cvea to man. Every aiiaiomiat 
will tell you that there ia nolidng cummuuer. 
in dliiBeeliDg Ihe human body, Ihuu tn meet 
wIlU what are called muacular vurtaiioaa — 
Hint is. If you dissect two bodies very cure- 
fully you will probably find lh,it ihe modes 
of ^tlachinMnt and insi^ili'iii of Ihe iiiu^elta 
uru not exacilr tliu Siimc in I Dili, llicre being 
grtai pcciiliaiiiiea in liie mode in which iho 
m'i«r1>*s are iirriingml ; and it l.j very siniru- 
lar Ibat in bi^oib dieacctiooa of Ihe huniun 



body yon will come upsn artangemenla i,T 
Ihu jiiiisclea vcr)' simdnr indeed lo the EBcie 
parts ia llie aim^. Ia ihc ciiticliision ia that 
coao to be that tills is like the lilack burs in 
liio case of the pigeon, and Ihat it indlcalea 
a rccurreuce to tho prlmilivQ typo from 
■which Ihe animals iiavu been probably do 7i'l- 
oped T Truly, 1 think Ihat the oppon^iita of 
modiCualion and varinllon bad beller leave 
ihu argiimcDt of rccuirenco nlone, or it may 
prove a)toi;elher too alrong fur Ihum. 

To sum up— tlie evldenceuafai as we bare 
gone ia axaioat Ihe argument as lo any limit 
to divercenccs. so far as structuro is con- 
cerned ; and in favor of a phyaiulogiuil linii- 
talion. By aeleclivc iirceding wo can i>ro- 
dtice structural divergences aa great as tUosn 
of species, biit wc cannot piodiico C(]ual 

thj-aiological divergences. For tho present 
leavo IhH question iheic. 
N<iw Ihe next problem that lies bcfnro ua 
— and it i) an uxlremely lmp:iilant onii — ia 
Ihia ; Dues this selecllvo breeding occur in 
iialiirDV Bccnusp. IFlhcro Is uo proof ofil, 
all Ihat I have lieen Icliing )~uu goes -Cir 
iiolhiog in uc^Jimllu^ for tho tri^ii- of 
iipi'dea. iVro nalurnl causes curapelciii to 
p:af Ihe pa<t of HLtecti'ju In [mrpcltuling 
VBtielies? Hero wu labor under veiy ^rcat 
dililcultleH. In the last lecluro I htid uccn- 
siun lo point out luyoii Ibucxtrcinu diillculiy 
of obtaming cvidencu even ol Ihe llrsloiigia 
o£lhoso varieties which wo Itnuw Inhara 
occuricd in dnmeflicaicil animals. 1 lold 
yoit that almuat tilwiiya tliu origin of thene 
varielies ii orerlnokeil, s I ihat I Could only 

Sroilucu two or Miriu tiisis, as Ihat of Urulio 
ielli'iu and of Ihe Aiic.m fiiCDp. P«nplo 
fari;el, or d.) not laku unticc of IhcmunlU 
Ihuy oomulfi huvn niironiiui'ucc ; nii I if that 
ii iruo of arlilleitd crises, under m.r nwn eves, 
and in animals in our cAvii<-,iie. li..«- iimoh 
moio diffleuit It must b.i i > Imvc at liis^t h.^ud 
good cvidenco of the uiigiii of vtinciit'n 111 
nature t Indued. I do iici know IhitL it li 
pDst'ibio by direct evidence to prove lliu 
origin of It Taneiy in nniuri-, or to priive 
Sb'eclivii brueaimc : Unt 1 will lell you what 
wo can prove — aud Ihia oriies lo Ihe suuu 
tiilo!!-lhat vail. ties tJtial In niiluro within 
Ihe 1,'miis of apeeiei, and, what is moie, that 
when a vnriely has come inln existence lu 
ualuru Ihoie nro niitioal causes and coudi' 
lions which arc amply compeleut lu playihu 
jtuTt of a seleclivc brcciler ; and allhuugli 
lh.1t il not quilu llm evideui-u Ihiit one woiilU 
tike Lo hnvj — though it it aA direct teiili- 
niiuiy — yd il U u.fcei'diJi;: pond aud e^ceud- 
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anj more Uiiu) a single pair; I must lay 
that I <')>iin'it Mce any gooi\ grouDil wbatever. 
or even iiiiy ii'Tiiilile suit of evidence, ti>r 
bclieriug Uiut iliuie is more tliaa one species 
cir man. Ni.-vcrrliBlesfi, as yrm know, jnet as 
tUne HTR immliirrH ut varlelits iii HDimHla, sii 
Iiit'iL' iiru I pma' kulile T&rielleB at men. I' 
s^pnik Mill iii.'K'li' lit liiose liroad and distinct 
viiriii'i ■!■• "iiiL'li }'■>« Hep ut II glante. Every- 
, knows (he difCurcncu be- 



e all at 







vhilH n 



I. nod can tell 



_ ..J Jioeiislimnn. Tbey 

c;i<'l] Imvu ['('ctiliar i^liaruclerisdca of c»1ur 
iind pliysliignntiiy ; Ixit you mubt rccellecC 
lli:il ilie eliuracli!(M of Uirse iiwes go very fur 
ilL'Pi'cr— iliey extend to tlic bony bIiucIuic, 
nnU l<> lliu cliumciers <A lliut most tnipuTiaQi 
cf all <iigiin4 lo U? — Ibo brain : so Ibat, 
umaug nipn bclonginf; is difleient races, nr 
I'VL'n wllliln Ibu mme rnci>. out) muu sball 
buvua btuiii IL Ibinl.urbuir, ur even Mveuly 
T>pr c<nl bigger Itiaa nnullier; anil if you 
I'.iko Ibo wbolu range uf liuman btulns, ynu 
will liuii u variation in sninc cases of a bun- 
dled per ctnl. Apart from llieao vurialious 
in Ibo Hizu of tbo brnio the characters uf Ibo 
Eikull vury. Tatii if 1 draw tbe tlgiiies of a 
Aloogul lind n uegru head on the hluokboard, 
in the ease oF the iant ihc brcadib would l>e 
iilxiiil seven tenlbs, and in Ihu other it would 
he nine lenlbs of Ihe tolal length. So that 
ynn eeo Iheie ia nbuuilaDt evideiico of yario- 
lion among men in Ihcir nalural condition. 
And if you turn to otlier animals Ihere ia jiist 
tliB name thing. The fox, for example, 
wbicb bus a very large geogrophieal distribu- 
tion alt over Europe, nnd parts uf Asia, and 
on tbe American ConUnenl, varies peutly. 
There are monlly lar^e foxes in the Kotlb. 
nnd smnller ones in llio Bouth. In (lermany 
nlitnc Ibo f.iroEleis reekon some eight diScr- 

Of tbe ligt-T, no one supposes (but there is 
m'liu Ibiin one species; Ibey extend fmui 
Ibe liullest parts of Beoual imo Ibo dry, 
oo)d. bitlev Hteppea of Siberia, into a latitude 
of nO°— so tbat Ibe^muyevenpreynponlbe 
reiudrer. Tiieso tigers liavu exeeecllogly dif- 
ferent charade rlHius, but stilt tliey nit keep 
Iheir general features, so that Iheie is no 
dciulil as to Iheir being tigers. Tbo bibcrian 
tiger hiia a thick fur, a small inane, and a 
Inngitndlnal stripe down tlie bncli, wbilo liio 
tigers uf Java and Sumatm difier in many 
intpurlant icsjiects from the tigers of North- 
uru Asia. Bo lions vary ; so liirds vary : and 
Bu, if ynu t;a farlber bactc und lower down 
in creation, you find fishes vary. Ill dlSerent 
streams, in tbe same euuntr]' even, yiiu will 
Snd the tiout lo be quite diHercnt to each 
Diber and easily recngnizuble by those who 
Hall iu tbo particular streams. There is Iho 
same differences in leeches ; leceh collectors 
can uiisily point out to you the diffi'ieiices and 
Ihepeciiliaiilies wldeh ^ou yuuritlf would 
prolMbly pass by ; an witb fie*b-waler mua- 
sets ; so, iu fact, with every animal you can 
mention. 

In plnnls there is tbe sumo kind of varia- 
tion. Take such a cast) 



bramble. Tlie bolnnists a' 

it, sumuottbum wanting lo i 

there a>o ninny species of it, and bilirii 

mainlaiuini! that tbey aro \>»l muur vnTiitiiu 

of ouu siiccies ; and Ibey eaniiol setllu 10 Ibia 

day which Is fi species rd|1 wbicli iiiu vaiiciy I 

Bo tliiil ibcre cun be un doubt whulsoeTrr- 
that any pbint ami nny animul uiuy vnry in 
nature : liiut varieties may aiisu lu Iho way 
I have deaeribed— as spuuLuoeaUB voifetles— 
and that tbosu varieties may lie peiiictiialed 
in Ibo sanii! way that I have shoivn yoB 
fipanianuousviirletlesnrentriieluated ; I say, 
therefoio, ibst there eim be no duubl as to the 
oilginuuiipeipetu^tionuf vatielies in nature. 

liut the question now is. Does selecliua 
lakt) place la nature T is llicre anything like 
tbe operation of man iu exercising seleclire 
breeding taking place in nature 1 You will 
oliserve that, at present. I suy nothing about 
species ; X wiab to conflno myself to tlie con- 
Bideralion of the prodncliun of those natural 
races which everyboiiy admits to esisl. Tha 
i|Ue&tii)u is, whelber in naltirc tliere are 
CAUSES competent to produce races, just la 
Ibe same way as man is able trt preduec, bj 
selectlifu, such nu'es of uumiuls as we huwt 
already noticed. 

When a variety has arisen, tbe Conditionn 
of Existeneo are such ns lo exercise an in. 
tiiienee which la exactly compflrabie lo that 
of artificial selection. By Couditions of Ifii- 
Isteuco I mean two ibiugs— there are condi- 
tions which are furnished by tlie pbysical, tbe 
inurguuic wurld, and there are cunditiuus of 
existence which are furnished by Ihe organic 
wurlil. Tlirru is, in Ihe first place, Climate ; 
under Ihnt head I include only temperalun 
and thovariednmcuDlef moisture of parllcD- 
lar places. In ihe next place there is wliat 
is Iccbnically called Slathtn, which r 




the climate, the pariicnlar i(iud of 
place in which nn nnimul or a plant lives or 
grows ; for exiimple, Iho station of a flsh i> 
inltic water, of a fresh wnler Hsli in fieah 
water ; tbo station uf a marine Qsb is In tbo 
sta, and a marine animal may biive a stnlifla 
iiigher or dce|icr. So again w:lh land ani- 
mals 1 Ibe dillerences in llicir stations ura 
Iliose of dilfcreul soils end neigbl>nihoo<l& 
snmo being licet adapted lo a ealeu'cous, and 
others lo an nrenucecns oil. The third oon- 
ditino of existence isFood, by which I metn 
food In the bioade>'t SEDse, tlie supply ut Ibo 
uiuterlals necessary to tbo rsislenuu of aa 
organic being ; in the case of ii plant the in- 
organic mat I era. such us carlKinicaeid, water, 
ammonia, and I be enitbly Fslts or salines ; in 
tbo case of tbo nnimul Ibe inorganic and 
organic matters, wbieli we buve sctn tluyr 
require; Ibcn these are nil, nt Ica^t tlie lwt> 
first, what wu may call Ihu inoiKimio OT 
physical conditions of ixisicuic. Fii-<l lakes 
a mid-place, und then come Ibe oignnic con- 
ditions, by which I mean the ci,udilliHW 
which det^end upon Iho tinteof iherectof 
Ilie nrganic ciralion, upon the number Bad 
kind of living beings, with which on anitnal 
ia Biirroimdeti. You muy elu^s Ibeee under 
two heads : there ate organic beings, which 
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operate aa opponenti. anil theru are organic of the lund. I want you now to trace out 

beiugj^, which operale as lielpeTs to uny given what will nccur. aail yuii will observe that I 

oiganii: trea,lure. The opiiiinpnla may be of om not Inlkio" fallacioiialy jiay mure llian a. 

two kinda : tbEra aru the imfiiecl uiiponfiit', malbotnulkiiiQ djea when be expounJa liw 

which ace what wo may cull n'mis ; and problem. If yuii ehuw that the conditlnns 

llicre aie liie di'reet opponents, Ihiisu which of your prnbjem are aiich ns may actuiilly 

"' ' ■ re, anil do uot IransKrcsa any of 



.1) dt'Slruv the cri^uturo ; and Ibetiei,- 

rkU encmiet. By rivals I menu, of course, 
in the ciuu of plunla, thoEe nhich icqiiirc for 
tiii:ir eupport the samo kind of boII and Bla- 
tion, Bud, amouij; aiilmalK, Ihoxe which re- 
quite Ibo aame kiud of atBtioit, or focd, ur 
climnlo; those uio the indiicct opponents; 
tlio diiect opponents are. of courEe. those 
which prey upon an aajmnl or vegetable. 
The li«iiper» may also bo ii'garded as direct 
Btid indirect : in the caso of a carnivorous 
animivl, fur example, a particular hcrbaccoua 
plant may in multiplying be an iudirect 
fcelper by enabling Uie beibivorn on which 
the caruivure pieya to get more food, and 
thiia to nouriah the carnivore ninte abun- 
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the known lan-a of c 
your propoHilinii, Uien you are aa safe lu t4ic 
cuci'lusion you arrive ut as ia the matbema- 
tician in arriving at the snlutlnn of his prob- 
lem. Ia science, the only way of gellinx rid 
of Ihs complicatioua wilh winch a stihjuct of 
this kind is environed is to work in this de- 
duplive mclhod. What will ha the result 
Ihuu 7 I will suppose that every plant ru- 
quires one square foot of ground to Ilvo 
upcjn ; and the result will bo that, in the 
course of niue ^eara, the plant will have 
Dccopied every single availatile spot in thu 
whole globo 1 I hava chalked upon the 



1 by tefecenco tu acme paraBilic 
tuFU, such as the tape-worm. The tape- 
worm exists in the human intestines, so that 
the fewer there are of men the fewur thtre 
will be of lape-woims. other fliinga btmg 
alike. It Is Bhumilialing leflecliun, perhaps, 
that we may be claEsed as direct liLlptrs tu 
tho tape-worm, but the fact is eu ; we ciin 
sH Geo that if there were uo men there would 



It is extremely difflcult (• estimate, in a 
proper way. Ihe imporiauce and the wutldng 
of the Ci>nditions of Existence. I do not 
think Uiere were any of us who had the re- 
mnteat notion of propel ly ci^limiitiDg them 
tmlil ihc publicutiiin uf Mr. Darwin's work. 
wliicli bus plured llicni befme us wllh re- 
mai'kable deainesa ; and 1 must endeavor, 
aa far as I can in my own fasbma, to t'ive 
you sniue notion of how they work. We 
Bbnil find it eusievi lit lake a simple csxe. nnd 
one as free as possible fium every kind oi 
GOuijilicatioB. 

I will Buppoae, therefore. Ihiit all the hnbit- 
abld pint of this globe — Ilia dry bmd, 
Binounilus li> about 6I,U(I0,(H1U square miles 
— I will suppose that the whole of that dry 
land liiut the same climate, and that it Is com- 
IMwed of the same kiud of ruck or soil, so 
that Ihcio will be the same alation every- 
wbere; wc tliu^get rldof the peculiar influ- 
ence of dificreuC cUmnlea and stations. I 
will then imai:ine tliat ihare shall be but ono 
orgitniu being~ln liie world, and that shull be 
a pbml. In Ibis we start foir. Its food is to 
be carboiiia add. water, and ammonia, and 
the saliiQ matters in Ihe swl, which are, by 
llw supposition, everywhere alike. We take 
one single plant, wlNi no uppoacnts. no hi'lp- 
eis. oniT no rivals ; it is lo be a " fuir flcid 
Bnii ii;i f»viir." Nowl will nak you to ini- 
flgine fiirliier that It ahull ha a plaut which 
kllAll prodnco every year fifty acoda, wliiuU 
1b a very moderate number for a plant tu pro- 
duce ; and that, by the action of tlie winds 
■nd currents, tliese seeds shall be equally and 
gMditnlly distributed over (he whole surface 
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Tcra will see from this that, at the end of 
llic Srst year. Iho single plant will have pro- 
duced fifty more of its kuid ; hi; the end of 
the sccnud year these will have increased to 
2aOU ; and ao on. in aucceoding years, you 
get beyond even ttillums ; and I am not at 
all suro that I could tell you what the proper 
arithmetieal dcnuminutlun of the total num- 
ber roailj is ; but, at any rate, you will un- 
derstaud thu meaning of all those noughts. 
Then yon Kco Ihal, utilie bottom, Ihnve taken 
tho 51,000,000 of s-^miro miles, constituting 
thoeuifaeoof Ihudiylund; ami a^tho num- 
lier of square feet are plawd under and ab- 
Btractcd from thonumltcrof seodsthat would 
lie ):roduced in tho ninth ycnr. you can see 
al once tlirvt (hero would l>c an iriimsrkse 
number mure of plants than iIutu would be 
aquaro feet of ground for their aceommoda- 
lion. This is certainly quite cnoufih to prove 
my pnint ; tliut between Ihc eight and ninth 
year after being plautcd (bo single plant 
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would bavo stncUud the whole available sur- 
fuiT of lliGFarili. 

This is a lliiog wbjch ia bardly i:onci;iv- 
nblu — it Heems burtll; iaiKKiDabli; — ycC it it 
an. It is iadoefl aiinpty Uie liiw of Miiiikuii 
exL'mirlltleil. Mr. Mallbiis wna a, ciui;;y- 
ninu, vrbo worked oul lliis subject must mi - 
nult^iy uml tiiitbrullj' enmo yeura a^o ; bu 
abowud qiiile cli;arly — imd alllioogh lis wns 
much iibiued fur his convlusiotis at the lime. 
Ibcy have never yet lieeo disproved, and 
DBver willbe— lieBttowedlliHtinEonseiiuenrc 
of the [Qcroaau in tbo number iif oigaoio 
beings in nguoiiielricalriilio while themeuus 
of cxislDni.'O cannot bo miido lo incrciiNe in 
Ibe aame mlio. Hint llierc must come a lime 
wbcQ 11)0 mimher of organic hcings will bo 
in excess of the ^vrvt of production of 
nutriment, and Ihnt Ibus Bome cbtclc uiuat 
mriiii ti> the fiirllicr increase of thoso orgunic 
beina;:!. Al llio cu.l of tbo ninlh yi-nr wu 
bave seen (ImC racli plunt would not be ablu 
to get ita full uquaro font cf ground, anil nt 
lliB tnJ of Hiinilicr your it wnuid liavc to 
alinro tbiit spacu wilh fifty nlbcts the pro- 
dt)i-'i) of the seeds which it would give oli. 

What, then, takes place? Every plant 
grows up. flouridiCH, occupies lis aqiinre foot 
ut graunri, and uives r.tl Its HTly seeds ; but 
mliue this, Ibat out of tbia number only one 
can cnme Ln aoyihing; liioru is Ibus. as it 
werM, f>>rly-nine cbani'is in one af^aiust its 
grotriag up ; it depends upon lUu uiuSt for- 
tiiilouB clrcumglanci'a wliellier any ouu of 
lliuse fifty seeds sliall grow up and finuiish, 
or wlu'lber il aball dio and perisb. Tbis is 
wbiit Mr. Diirwin bas druwn allenlinn tit, 
and called tlie " Slnigglu for Existence;'' 
nd I have Uken lliia aimplo cose'of a plant 
because s<ime pcopli: imagine that tho pbrnso 
seems (n imply a sott of tight. 

I have laken this plant and shown you that 
this is the result of the ruLio of ihu iu- 
cveasc. the neucssary result of Ihc arrival of 
a lime chiming fiir cfcry apeciua whi^n exact- 
ly as many members ■ must bu destniyed 
■s are horn ; that is tlic iocvilalilc uitimalo 
rcHiilt uf the rale of production. Kow. what 
is the result of all Ibis* 1 Iiave aaid tliot 
there are forly-niiiu strugf^ling against every 
one ; and it amnunls to Ibis, Iliac Iba emaliesis 
puSHible start given to any ono seed may givtt 
it an advantaee which will CDahlo il to gpt 
Hhcad or all Qiq others ; miylhing tUiit will 
enable any one of lUcso seeds lo getminule 
six liiiiirs before a^y of Ibe otberti will, other 
liiz^in lieing alike, enable It to clioku them 
iiiit Hllogethpr. I bavo shown ynii Ibat Ibere 
il n<) particular in which plantd will not vary 
r oiu each other ; it is quile possible that ouu 
I'f uur imaginary plants raiiy vary in such a 
cUnrHcler us thu thickness of tho integnmcot 
nf iu Boeda, It might happen that une of the 
)d;knls might produce seeds huviug u thinner 
luii'guraunt, and that would cnalile the seed 
ut that plant to gbrminale a Iillle quicker 
than those of any of the others, iind those 
■»Mds wuuld most ineviialily extinguish llio 
forty-nine tiracaasmauy thai were struggling 
with lUem. 



1 have put it in Ihia way, but yuu we tbo 

praclicul ruault of the process is the same as 
if Bomo person had nurlur«d thu one and dr- 
Hlroyed tlio other seeds. It doi'a not nirllrr 
how Hie viiiiallun is produced. »>• Ijiig :li ii 1 1 
once allowed lo occur. The vubli.in in th>! 
plant once fairly Etaiteil lends to Ixfotni 
hereditary and reproduce itself ; the El.•l^l* 
would spread themselves in tho same way and 
lake part in the struggle with tlic forty-nine 
hiiudrtd. or forty-nine thousand, wilh whifih 
they might lie exposed. Thiia, tiy degrves, 
lliis variety, with some slight organic change 
or modification, must spread 'tself over the 
whole surface of Iho habitable globe, and'cx- 
tirpate or replace the other kinds. Tliat ii 
wbflt i* iiicaut by Nnlurdl Sfk'clion ; thai it 
the kind of urgiimontbywhichlt ia perfectly 
dcmonstrnhbi itint llio conditions i,f lXl^;- 
encemaypiiiyexiictly ibefaiiiu [mtttnrai.ui- 
ral faiieties ns inau dot's for domeslrtatcd 
varieties. No une duiihU al all Ihalparticultu 
circiimslaures may be more favorable for one 
plant and less so for another, an:1 the mo- 
ment you admit that you admit the seteclive 
power of Duinrc. Nun', idihougli I Iiave 
been pntllng a hypoihilical ca»'. you mmt 
not suppose Ibat I have been TeiiNOniug hypo- 
Iheiicully. Tliero are plenty of direct ezpcrl- 
nients which bear oui whal wo may call Iho 
(beoryofmitural selection ; there is cKlreniely 
good authorily for iiio FtaieuiPni tbul Ifj-on 
lalio lbi> teed oF mixed vaiietica nf whiat 
and sow it. collect log Ihe sci.il next year 
and sowing it iigiiin, nt kugih you wiH 
find that out of all your vuiiclies only 
two or three hove lived, or perhupa even 
only one. Thtrc were one or two varietieo 
which were best fitted I o get en, and tlie; 
have killed out thu otlier kinds in just the 
Mime way and wilh just the same certainty 
ns if you bud taken the Irouhlc to remoTU 
tbcm. As I have already euid, the operation 
of uatntu is fxiictly tbo sume as tho Brlificial 
operation of man. 

But if this be true of that simple case, 
wbicli 1 put before yuu. wbcie Ihf le is nolh- 
iiig but the rivalry of one member of a spe- 
cies with othera. what must ho Iho operalioD 
of selective condiliouB, wbcii jou lecollectan 
a mailer of fact that for every Epcciee of 
nnirnid or plant tlicru are fifty or a hundred 
bpecies which might all, more or less, ba 
euro prel I ended in Iho same climate, food, 
and Ptiiiion — Ibat evi-ry plant has multllu- 
ilin.iiis animals wbiUi prey upon it, and 
which art) ils direct opponents ; and that 
these bavo other anlmulx preying upon Ihetn 
— that every plunt lias ils indirect helpers ia 
the birds that sculler abroad its seed, and the 
animala Ihal manure it with their dung; I 
aoy. when Iheao Ibings ate considered, it 
setras imposeiblu that any variation wh1(A 
mny arise in a species in nature should nM 
leud insomewnyorLlhcr elllier tobonlitU* 
liellcr or worse llian the pieviona stock ; If It 
is a litlb' 111 Her il will bateiinadvaiitagtiomn' 
Mild Ifuii l" cxlirpale Ihe latter ia llils CTogii 
Htiil Mriij.'glc ; and if il is a little worse UwlD 
iiself bo extiipaiea 
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Tknownctliinglhiilmoreoppropriolclycv 
ptesaoB ihia iliaii shis flinvse. " lliostrugijk' 
' ■-■ — " iwtuiiholl liiio.qaljtforoyo 
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get llirDUgli (inly liy lUo hdp of lliu i'li>;Llt 
accitlrnt. 1 rcciilluct rciuljng iiii nitiuunt oi 
tlie fiimoiia lelreatof tlie Fiepcli tiuop?, 
UoJcr Napnlton, from Muscow. Worn oul. 
tlri-d. uud (luj<;ctetl. llicy iit leoglii tame lo a 
^rtat liver iivlt vliicli llicie was hal ddo 
biidpofur ihe Fft5sa;,'oof tUovaslHrmy. Dis- 
orgunir.uil uiiil iluninmlizcil as it wns, tbe 
Btiugglc must ccriaia]^ Lave bccu a Itrriblc 
one — every one heeding ouly himself, aud 
crusliinK ihniu^U and Iieaditij- down his fel- 
lows. The wilier of the nHrmliTe, wlio vaa 
faimsL'lf ono of those who were forlunulo 
enough to Rucceed iu geltiog over, soil not 
amnog ibc Ihuuranda who were left Iwhind 
or foiced into Iho rirer, aECJiLnd liU wciipc 
to the fact Ihat ho mw slridini; oDwuid 
Ibrmi^h Ibc mass a f^rcal Blrung ftllow — ouc 
nt llic Frunuli cuirosslem who had (lu a latgo 
blue cloak— and be bud vnuii^h preaence of 
mind l>) culch nnd ri'tain n buld of litis strong 
tniin's ctouk. Uc says. " 1 cniight bntd ot bis 
cl'>»k, uikd Lilthot^fTli ''6 snoie uL niu nad cut 
at Hnd struck me hy liirns, and nt hisl, when 
he fouud he could not Bbnke mu uff, fell in 
enlrealiug me to leavcfro or I abimld prevent 
bim from escaping, besides not asaisllag my- 
self. I still kept liirbt hold of him. ami 
would not quit my grasp until Ijc had nt IuhC 
drajzged me IlirougLi. " Hern you aeo waa a 
caSBofBelfcIive Mvmg — if wo may bo term 
it— d(ip«uiliug fur its auccess on the strength 
uf UiD cloth of the cuirasaier'B clonk. It ia 
Iho aimc in naturEs ; every Bpeeie.i has its 
Bcreeina : it has to figbt lis way through aod 
Struggle with othur Bpeciea ; and whtn well- 
DiRh overpowered, it maj; Ite ihat the small- 
est chance, Bomellihig in ils color, perhaps— 
the minutest ciicumBtHucU'-will turn, the 
scale one way or the oilier. 

Suppose that by a Tariutiou of Iho hluch 
rscii it had prnduued the while manatnny 
lime — yiiu know ihat the negioes are saiil to 
bdiove Ihia tii have been the case, nod to 
imagino that Cain was the first white mau, 
und Ibitt we are bis descend An ta—siiDpusa 
tlial thM had ever ImppGucil. and that, the Hrst 
reaiilencc of this human being was ou tbu 
west coast of Afiica. There Is no great 
ainicliiml ditleroneo between Ihc white man 
aad Iho ueRin, and yet there is soaielbinj; »> 
aingul'iity dlSereat in Ibe cjnititlitmn of llio 
Iwii. that tliK malarifta of that country, 
whh'h il'iDot tmrt thoblorkat all.cutotlaiid 
dtitti^y llie while, thus yon scu tliiTO wiiuld 
bare liivu n i^'lHclife openition perfotmwl 
If tbi white nmn had ri#ju in Ihat way he 
wnuM hitve been aeleeicd nut and rcmuved 
.iiF the malaria. Now tbiTO really 



color loo. In (he woods of Florida there ara 
a grtut niiiuy pig*, nod it Is a vury curioui 
thioij liijit lliey lira nil black. t'vi.-rv uno of 
Ihuui, Pr.ie«<,ir Wymau wai Ui.To ^mv, 
yi;ais ii^- ', an I nti niUicnig n'l pijr^ Imt llie~c 
lilurk ( no". Iij iiskiil fliime nf the peujilE huw 
it ivai iiiJii. il"'v- trill no white pigs, iind Ibo 
ii':<: . .1^1.11' ::> ']il; wojds uf Floiida there 
I'. . h'.'y called the paint root, 

■a:\- ■ : ' I . -•■ ph^H were lo eat any of 

il, ir :: I I ! : ■ : ',,■■•.■1 cf making their h'lofa 
crack, iiivl uii-y njiil ; hut if the black pigs 
eutimy ut' it, jlilid not hurt them nt nil. Heio 
was n very simple case iil nalnral seleutiua. 
A skilful biecdtT could not mure camfnlly 
develop the litiick breed of pigs, and weed 
out idl tbu while pigs, than the pal ut toot 

To show you h,>wremiiikal liy iudirtrt may 
be Bui;h naturul bcIucIIvu agencies as I have 
icferrtd lo. I will cunuluila by noticing a 
ca»e mentioned by Mr. Darn'in. and which 
is certainly one uf the most cnilousof ils 
kind, liislhutut lliu humble bee. It has 
been noticed that Iheiu iiro a grtaC many 
moiu hamble bees in the neighborhnod of 
towns llian out in itiu open country, and 
tiie explanulian of Iba matter ia this: tho 
bumble becB build noNts in which they storu 
their hooey and daposit the larvie nad 
cggi. Tlie lielii mice arc amazingly 
fund of the huney iind larvse ; Uicrcfore, 
wherever there urn plenty ijf field mice, as In 
the country, the huuil>le bees are kept down ; 
but in the ueighlmrliood of towns, the num. 
her of catd which prowl aliunt the Hl-Us eat 
up the field mice, and of cuurse the mnru 
mice they eat up the less theronre to preyupon 
the larvffi of the bees— the cats are thureforo 
the iitdireci liclpcrt uf the bees.* Coming 
Luck a step furilier, we may tuiy that the uld 
maids are also indirect friends of the bumble 
bees, nnd indirect enumita of Ihu Held mice, 
ns they keep I he cats which eiilupllioiatler.l 
This IS an illuatration somewhat beneath Iho 
dignity of the subject, perhaps, but it oo- 
cucs to me In pnaslng, and wiin it I will con- 
clude Ulis lecture. 

LECTURE VI. 




In the preceding (Ivo lectures 1 have en- 
dcDVorcd tu give yuu on nectiunt of Ihom 
fuels, and nt those reaxoninga from facta, 
which form Ihe dalH upjn which all themies 
regnrding the causes uf the phtnumen* of 
organic ualiiri! must be based. And, al- 
Ihuugb 1 have bad frequent occiiaiua to 
quote Sir. Darwin — as all persons hariaifter, 

• Tb« tmmblii 1»«, on ItiB nlhcr liand. jira direct 



bwiisauo Mid Ted slant. 
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not been upon lliooictlcul pbiolB, or fr,r hlnlr- 
mcnls in anj wuy connected nilh [lis piiilii'- 
ular fipeciilflliona, but on luallprs ot f.irl, 
hroutfbl forwttid by liimseif, or coiiectcd by 
liimscit, and whiuh &ppcur Incidcnlulty in 
his baok. It a man uriU muke a book, pro- 
feBsing tu cii?c^uss a Ringlo quEstion, an euuy- 
clomctliit, 1 coonut help It. 

Jfuw, Laving had an opportunily of con- 
Rldering In tliis sort uf way the dUTercnt 
elatemuDta bearing upon alt tlicories wlialao- 
erer. 1 havo lu-nigUt to lav before you, ai 
fairly as 1 can. what is Mr. Darwin's view of 
llie mutter and vrbat posltiun Ilia theories 
hold, when judged by the principles whicb I 
have previously laid down as deciding our 
judgmeniB upon all thcortc^ and hypotlieHCB. 

1 hftvu already staled lo you thnt the inquiry 
respecting tbc causes of tho plienomeoa uf 
orjraaic miluro resolves itself Inlu two prob- 
lems, the first bcioK llio question of the origi- 
naliim at living or organic boings, and the 
secoDd tx'ing tGe totally dislioct problem of 
Ibe mudlBi^iloi] and perpetuation of orgiinic 
tieinga when they ImTQ niready (;omo inio 
L'xlstcnce. Tlie llrst quealion Mr. Darwin 
does not touch ; bu do4.'a not deal wilh U at 
kit ; but ha pays— given tho oiigln (if organic 
matlcT — supposing lis creation to havonlreay 
iHkcn place, my object is lo show in L-OQitc- 
(lucnco of what la^a and vliat dt'mnaslrablu 
properties oF organic matter, and of Us en- 
vironmenls, sueb alntes of organic naiuro as 
tlioSfl wilh -which we aro atqusinled must 
have corns about. This, you will olisurvo, 
1b a perfectly legitimate proposilMu ; every 
persua has a lijUit lo duflne Iho liniiLs of Iho 
inquiry which he sets before bimHi:lF; and 
yet it is a most lingular Ihlug that in nil Ibu 
muUifdiious and nut unfrequeuily iiiaoraiit 
attacks which hove Itecn made u|H.n liio 
" Origin of Sppcics," liioic is nothing which 
has baen moro Epeoioualy i^riliclscd tlian this 
particular limilallon. If people hnvo iiolhing 
else to urge tigaiust Ilia book, they say, 
" Well, after nil, you sec Mr. Darwin's ex- 
planation of the ■ Origin of Speciea ' ia nut 
good fur much, because, in the long run, be 
admits that ho djcs nut kn'iwbnw organic 
mailer began tu exist. But If you admit any 
special creation for tbotiri^t pniliLlu uf or- 
ganic matter, you may ]ukI us well admit it 
for all the rest ; live bundled or live thousand 
dlatinct crroiiniiH are jutl fla inlelUgihle. nnd 
iuat as liiilu dlfflciilt t.> understand, as one." 
The answer lo tlicsu cuvds is iwof^ld. Ia 
the^flrst jiliice, all immnn inquiry must atop 
somewhere ; all t'Ur ku>iwii.i)gj iitid al! our 
inveHligaliMn cannrit lako us I c.vond tho 
hmlta M't Iiy tlie Unite and tcsliicled rbarnc- 
ter of uur fiiculliea, ordenroytlioendli'aa un- 
known, which nccnmpanit's, like ils shadow, 
the endleaa prucesElon uf pbenumcna. So 
far as I cna venture to offer iiti iipinioii oa 
such a matter, Iheptirpose of Durbeln<! in ex- 
istence, the higiieai oliject ibut human beings 



can set before Ihetnselvea, ia not the pureiill 
of any such ehimcra as the annibilullon of the 
unknown; hut it is simply the unwearied 
emleavor lo remove ila boundaries a iilllo 
failher from our llule sphere of aetion. 

I wonder if any historian would for a mo- 
ment admit the objection that it Is prepos- 
terous to trouble ourselves ubont the history 
uf the liomau Empire becuiisu we do nut 
know anything positive about the origin and 
first building of the city of Home 1 Would 
It be B fair objection to urge rcsiiecling the 
sublime dlauoi cries nf a Ncwion, or a Kep- 
ler, those great philosophers whose discov- 
eries have lieen uf Ihe priifoundei-l Iwneflt nnd 
service to all men— to say lo them—" Atler 
all that you have lold us aa lo how the 
plinGls revolve, and how they arc maintained 
in Ibclr orbits, ycu cannot tell ua what is the 
cause of the oiigln of Iho sun. moon, aud 
stars. So what is the use of what you liave 
dono?" Tel these objcctiuns would not be 
one whit more prepofteroua thau Ihe olijec- 
tlons which have been mado lo Ihe " Oiigiii 
uf Species." Mr. Darwin, then, had a per- 
fect ripht to limit his inquiry as be ^ilenaed, 
and Iho only queslicn for us— !he inquiry 
being 80 limited— is to ascertsin whether the 
melbod of hia inquiry is Enoad or imfuiirid ; 
whether he has obtiyed tbe canrns which 
must guide and govern all Invesligaliun, or 
whether he has lirolieu Ibem ; aud IE was be- 
cause our inquiry Ibis erfning is ctstatiallj 
limited to ihato'it'sliiM ibat Ispfnt » good 
deal of tlmu la n luimer lecture (which, per- 
haps, some of you tlmughl might have been 
better cmplny rl) (n ondeavoiing to iilustrala 
the method imdualure of scientific inijuiry in 
gcneraL Wu shall now have lo put in piftO- 
ticQ tbe principles thalllhtn laid down. 

I Bluled to you in aubstaoce, if not in 
words, that wherever Ihcie are complex 
luasesB of phenomena lo be inquiied into, 
wbelher Ihey be phenomena of Ibe affaiia of 
daily life, or whether they belong lo the more 
aliatnise aad dilllcult problems laid befure the 
philosopher, our courae of proceeding in im- 
lavelling that complex chain of pbenumeoa 
wilh a view to get at ila cauac ia always the 
same ; ia all cnseawo most invent ahypolbe- 
ais ; wo mu^t place before ouiaclvea seme 
mure or leas likely Buppoallion respecting 
that cause ; and then, having assumed a hy- 
pothesis, having suppoBed a cause for the 
pbenomena in question, we mual endiavor, 
... ... — hand, to dcmonstrnte our hy- 



'. all"Betbcr, by testing it in Ihrte ^ . 
must, in the llrst place, lie prepared In prove 
that Hie supposed causes uf the phenomena 
exist in ualurc ; that they are what the logi- 
cians call wra causa — true causes ; in the 
next place, we should be prc[>nred to show 
that the assumed causes of Ihe pheaomena 
are compelcnl lo produce such phenomena as 
those w bleb we wish to explam bylhem; 
and, in tho lust place, we ought to be able to 
show th»t no other known causes arecompe- 
tent to produce these pheaomena. If wo can 
aucceca in satisfying these three couditioni. 
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wo B!in!l linvu OcmonslTBltd our hjpolbesis ; 
(p inilicr,! niiglii Li Buy, via sball Imvo 
['ir.nil it ns fur aa ceitniuty is pu:»aiblti Tur 
ha; for. ntler all.llicto ianooncor oiirturpBt 
convkiiina wlilcli may not be iigisi'i, or at 
■ny iiilu mudifled, by a fQrllier acceoainn oE 
knonltilgc. It vas becBuso it BHliafled 
XhKse coDtliliuiiH Hint wnau'epted llicliyiiulh- 
e^H fis lo the diauppearaaco ot lliu lea-pot 
and spoons In the cjse I auppased in a piv- 
TlODs leeluio ; wo fiiund that our hypolli<aia 
on tlmt Hu1)j?cC VHs lenablu nnd vulld. bu- 
cause lliB supposed cause eiisled In naluro, 
because it was competent lo account for Ihe 
phenomena, and because no oilier hnown 
cauie was compelput to accoimt for llicni ; 
and it is upon slmilitr grounds Ibnt any liy- 
polbesiu you choose to name U accepted in 
science aa tenitble and valid. 

Wliat ia Jlr. Darwin's hyiiothesiB ? As 1 
iqiprcbeud it-^for 1 hare put it into a sbupe 
muic convenii^nt for cooimon purpnres that 1 
cunld find rerbalini in his book— as 1 appre- 
hend il, 1 Ray, it is, Ibatall the phenomeoaot 
organic nature, pa^t and present, result 
from, or uro caused liy, lUo iuter-aclion of 
those properties of orguoic matter which we 
tave called Alavism and Viirialiillty.witU the 
Uondillons of Exlalcaeo ; or, iu other words 
— given tbu existence of organic matter, its 
tendency to traosmit ila properties, and its 
lenileocy occasionally to vary ; and. lastly, 
given the conditions of enisU'nce by which 
orginic matler ia surrounded— l but tbeae put 
tngelber are tbe causes of tile present and of 
the past conditions of Organic Nature. 

Hnch is tlie hypotlieais us 1 understand it. 
Now lei us see how it will stand the variotis 
tests which 1 laid dawn just now. In the 
first place, do these aupposed causes of the 
pbenomenu exist in noturu 7 Is it Ihe fact 
that in nature these properties of organic 
matter— ahiv ism and variability — and those 
phenomeu:i which we Imve cailpfl the confli- 
liooa of eaistence — Is it true that Ihey eiiBtl 
Well, of course, if they do not exist, all that 
I bB.va told you in the last three or four lec- 
tures must be incorrect, becaose 1 have been 
altemplini^ lo prove lliat they do exist, and I 
laku il that tbere is abundant evidence that 
Ihey do exist : so far, therefore, the hypothe- 
sis 'lues not break down. 

But in the next place comes a mucti more 
difficult inquiry : Are the causes indicated 
criinpetent to give riao to the phenomena of 
nreanic nature? 1 auspect that this ia Indubi- 
tjiiile lo a certain extent. It ia dcmonfltrable, 
1 tliink. as I have endeavored to show you, 
tlint lliey BTB perfectly competent tngive rise 
t'l all Ihe phenomena which are exlilbiled by 
ii.-cs ill nature. Fiirtbermoru, 1 believe that 
tbf.v are i^uile cnnipeteut to ac<:»uut for ail 
Ihii'l wo may call purely structural phe- 
n.>m-na which ore exhibited by species In n«- 
I'l/e. On that point also 1 have already en- 
Ij ■;'-! somewhat. Again, I think that (he 
r-iiuM iwsiimed are competent lo account 
( ir most of tbe physiologicul characteristics 
■ t ^{H'Ciea, and 1 not only thmk tliat 
th~y lire compulont to accouot foe them, 



but I tbinfc that '.bey iiccounl for many 
things which nthenvisii remain wb.)lly 
unaccountable and iiUixplicalilL', an^t L may 
S'ly Incomprehensible. F.ir a full exp'el- 
tion of tlio grnuiida ou which Ibis nun- 
viclhm is baBed, I m'ist refer you in Mr. Dar- 
win'H work ; all that 1 can do now i^ tiJliuH. 
'.rate what 1 have said by two or thrse cuses 
taken almost at rnndi>m. 

I drew your auentiun. im n previous even - 
in;;, lu the facta which aiu ciiibrKlied iu our 
systems of classifli-alliw, whirli are tbe re- 
sults of tbe exnminatiim and comparison ot 
the different memlnrsof tbeanminl kin^^lom 
one with another. I menlinoHpi Ibal the 
whole of the animal kin^il.im U divisible into 
fivu aub-liinedoniB ; tliileucli of thcie suh- 
kinfjdoina is again divisible int. > provin^'e^ ; 
thai eaeh province may bo divideil win 
clasaea, andl.be classes iiiio the siir.'i-s-ivcly 
Bmaller groups, erders, families, (ii-n'^ni, and 

Now, in each of these irninp?, the reaem- 
blaoeo in aiructureamun^ftliei'ieiabcrHnf tbu 
group is closer iu proporliou us tbe group Is 
smaller. Thus, a man und a worm ate meui~ 
burs of tbe onlmi;! kingdcim in virtue (if cer- 
tain apparently slight tlnugli really funds- 
mental resembtuucea which Ibi^y preieni. 
3iit a man and a fish are merabtrs of thi 
^nmo sub-kingdom VerifbraU^ berause they 
are much mote like one aiiiilbcr ihan eithei 
of Ihem is to a worm, or n snail, or any 
member of the other siib-kiogiloms. Fop 
aimilar reasons men and hnrifes am arranged 
aa members ot the aaaie class, ifitmrraoAo ,- 
men and apes as memliers of thn same order. 
Primates; and if th;:re were ur.y animals 
more like men than H-ty wsre liku any of 
the lipea, and yet liifiurer". from men in im- 
porliinl and cauBlBPi p"iti';ubii8iif Ihfir or- 
ganization, we iboul'i, laiik them asmembera 
of the Bace fatn'.^v. or of Itic; sutiie genus, but 
aa of distioct species. 

That it is possible to arrange all the varied 
forms af animals into groups, having this 
s.:rt of singular aubordination line to Ihe 
other, is a very remark iib I e circiimBlaoce ; 
but, aa 3Ir. Darwin remarks. Ibis isan'iinlt 
which JB unite to be expccled. if Ihe ntinciples 
which he lays down lie correct. Fake the 
t-iip nX ilif races which aro known to be pro- 
duced by Ihe operation of .atavism and vari». 
billty, and the ciinditions of esislenci^ which 
checknnd modify ihese tendencies. Tsketbe 
case of the pigeons thai I hroii^l;i before 
you ; there it was Ebown tbut iluy ml;;lit be 
111 I classed aa belonging to snmu one if five 
principal (livlslons. and that wiiliia ihtse di- 
visions other subordinate groups niiuht lie 
formed. The members of these groups are 
related to one another in Jusl tbe same way 
as the genera of a family, and tbe groups 
themselves as Ihe families of an order, or Ihe 
ordets »f a claims, while all have the same 
anrt of Btmcturni rclalionfl Willi Hie wild 
roi'l; piireon. as the meujiwrs ol iiny great 
:;iiiiirnl group have with ii ilhI i.r imaginary 
tv|iicul form. Now wt kuow tbut all varie- 
ties of pigeons of overy kind have arisen by* 
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prorcu of selective breeding rrnm a com- 
mon ttlotk, tlio rock pigeon ; hence you sea 
thnt if all apccieu of nniuialH have p[uccede(l 
from some cominnn st(tck, tbe geueral ubor- 
acler of Uieir structural rtlMliuns, and of 
our sysletns nf classificHiiuD, nliidi exprcsi) 
tliose relHlianfl. would be just what we find 
tbemlii be. In oilier words, ihu lij-pollieticnl 
cause la, so far. cnmpclcnt In prntiiicc cSccis 
similar to ibnsc of the real cause. 

Take, again, auotUer set of very remdrka- 
ble facts ; the exiBlcnce of what aie culled 
Tudimeulary urpnuB. organs for which we 
flnd no obrloiis use in the parlii^ular nnimsl 
fconomy in which Ihty are frtuud, and yet 
which are there. 

Such ore the splint-liko bones in Ihe leg of 
thii liorae, which 1 here show you. and which 
correspond wilh bunes which belong In cer- 
tain toes and Sngeia in the humdn hand nnd 
fnot. Id the horae you ace they are qniio 
radimeulary, and bear neither lues uur 
flncera ; so that Ihe horse has only one 
" finger" in his fore-foot undone" toe in his 
hind-foot. But it is a very curious thing that 
the animals closely allied lo the horse show 
more toes Ihttn he. as the rhiiinceroH. for 
inatiince ; he has these extra toes well 
fnrmeit. and nnatomicAl facts show very 
clearly iliat he is very closely related lo the 
horse indeed. 80 we may say that animals, 
in an analomicai sense nearly related lo the 
horse, have lliose parls which are rudimcn- 
titry in him fully developed. 

Again, the sheep and the cow have no cut- 
ting-lcelli. but only a hard pad in the upper 
jaw. That is the onmmon chuiacteristic of 
lurainiuitB :u general. But the cnlf has in its 
upper jaw some rudiments of leeth which, 
never itiu developed, nnd never play Ihe part 
of leelh at all. Well, if you go iiack in lime, 
yoa find souio uf the ohler, now estinct. 
mllies nf Ihe ruminants have wcU-dovelopcd 
teeth in their upper jaws ; and n.t the present 
day the pig (which in in struciure closely 
couneciecl with rnminanls) has well -developed 
leelh in its upper jawa ; so tliut here ia 
another instance of organs well developed 
and very useful, in one BDimnl. represented 
by rudimentary organs, for which we can 
discover no purpose whalsoevcr, in another 
closely allied animal. The whalebone 
wliale, again, hushorny " whalebone" plates 
in its mouth, and no teeth ; but the youDg 
ftclal whale, before it is ho[n, has ti^elh in iis 
jnws ; Ihey, however, are never used, uml 
they never come to anything. But other 
members of the group to which the whale 
belongs have weil-developed leelh in Uulli 

Upon any liypothesis of special creation, 
farls of ihia kind appear lo rae lo be entirely 
uniLCCOunlable and inexplical>le. but they 
cpBse lo be ao if you accept Mr, Darwin's 
hypolhesis, and see reason for believing ihat 
llie whalebone whale and ihe whale wilh 
leelli in its mouth both sprang from u whsJe 
Ihut liad teeih, and that the leelh of the foetal 
whale are merely remnanta — recolleclions, if 
10 sav — of the ciliuct whale, tjo In 



the case of Iho horse and Iho rhinoceros; 
suppose that bolh have deareiided liy mndi- 
Qcation from some carher form which had the 
normal number of toes, and the persisltncc 
of the rndimentary liones which no linger 
support toes in the tiorse becomes comi-re- 
hensible. 

In the language that we speak in Eo^land. 
and in Ihe language of Ihe Greeks, Iheic nic 
identical verbal roots, or elements, enterin;; 
into the campoaitiou of words. The fact re- 
mains unintelligible so long as we suppose 
English and Greek lo he independently cre- 
ated tonnes ; hut when it is shown Iho? 
bolh languages are descended from one origi- 
nal, tbo SauHcrit, we give an explanation of 
liiat rEsenililauce. In the same way the ei- 
islenco of ideuiical Rlruclural roots, if I may 
so term Ilicm. entering into the composition 
of widely different animals, is striking evi- 
dence in favor of the descent of those ani- 
mals from a common original. 

To lurn lo amitber kind of UluslratioD : 
It you regard the whole series of slmliSed 
recks — that enoimous Ihickneas of sixty or 
seventy thousand tn'l that 1 have mentinned 
l>efore, constiliiting Ihe only record we Imve 
of a most prodigious Ispse of lime, tiiut ihne 
hetng. in all probahilily, but a fiaelioaof 
Ihat of which we have no record — if yon 
observe in these Fnccessive strata of tocks 
successive groups of iinimsls arising uud dy- 
ing out, II eijnsiant KucceFsinn, givingyu the 
aame hind of JmpreFsion. ns you travel from 
one group of striita to another, as you would 
have in travelling from one country to 
another ; when you lind Ibis constant suc- 
cession of furms. their traces obliterated ex- 
cept to the man of science — when you hiok 
at this wnuderful history, and ask what it 
means, it is (inly a piilltrinp with words if 
you are ottered the reply, "They were so 
crenied." 

But if, on the other hand, you look on all 
fotms of organized beings ns the results of 
the gradual modiBtution of a primitive lypo, 
the facts receive m iiieaning, and you see 
that ttiese older cendillons ate the nacessuj 
predecessors of the present. Viewed in Ihu 
light, the fuels of palieontology receive a 
meaning ; upon sny other hypothesis I am 
unable lo sec. in Ihe slighlest degree, what 
knowledge or signiticatiun we aio lo draw 
out of them. Again nole. as lieanng upon 
tbe same point, the singular likenets which 
obtains lietWEtn the successive fauntc and 
Qorfc, whose remains arc preserved on the 
rocks r you never find any great nnd i nor- 
mous difference belwi'en the immediately 
successive faunce nnd fluiie unless you have 
reuaoD to believe there lias also been a great 
lapse of lime or a great change of condU 
tious. The animals, for ioplaucr, of the 
newest tertiary rocks, in any pari uf the 
world, are always, and without eicepiion, 
found In be closely allied with those which 
now live in Ihat pail of the world. For ex- 
iimple. in Europe, Asia, und Atrira Ihe large 
mammals are at present rhinoceroxes, hip- 
popotamuses, elephants, liona, U^cis, axen. 
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I. etc. ; and if you examiDC Ihc newest 
MiUaiy dcpoiiils, nbich cunlam Ihc animals 
and plants wliicli imnnKlialely prcpeded IIiobe 
which now exist in llie sameroiintry. ynu do 
not find gigu&tic Bpf^cimens of ant eulf re and 
kuDgBrouB, but yuii Hod iliitxiectnECP. tie- 
phltnts, Ibns, tigers, etc., of iliffeii'til >-pccieG 
to tbusenowlivlD^, but still I heir duet: allies. 
II you luni to Suulli America, wlitre. nl the 
present day, we hate greiil BlotbR unrl nima- 
dilloca auii <;renIUTes of that kind, wlmt do 
you find in the newest terliHiies? Ymi find 
the great sloth-like i^tvaUite. liin Mfnathei-ivm. 
ftnd tbegreiit urmadillo, the Glypiodon, nnd 
so on. And if you go lo AuEtnilin yuii lind 
the annio law botds ^nd, nunicly, tiiHt that 
condiUoQ uf organic nature tvbicb lias pre- 
coded the one which now exists pn^sents 
^ifferencee, perhaps, of spcdes.un'l oF geoera. 
bat that the great types of orgaoir Kliuclure 
are the same as Ihone wbicta now Iloiiiifh. 

Wiiat meiioln^ has this fact upon euy 
other hypo thesis or Bnppnsilinn tbiin one ot 
Buccnstve modification t But if the populiu 
lion of the world, in any u-ie. is Ibe lesiill of 
the gra/liial mudilicatloD of tlie fornix wljich 

Cpled it in the preceding a£;e — if Ihnt lias 
u the case, it is intelligible euongb : be- 
C8USB we may eipual that Ihe ureuloie lliut 
results from the uiodlQcution ot an elephan- 
tine mamiDHl sbnll be something like an elu- 
Ehant. and the creature nhiub is prndneed 
y llm mndidcatinn of an nrmaililtn-llke 
mnmmal ahull be like an nrmadillo. Upon 
IhatBUppiJsitiDn. IsHy. Iho facts sire iulelligi- 
ble ; upon any other, ibnt 1 um aware of, 

So far. the facts of palffDntnloe-y are cnn- 
ristent with almost any form of tlie doctriae 
of progressive moibHcallon : they would not 
be aliaotutely iui.'Oiislslent with the wild spec- 
ulations of De Mnillct, or with the less ohiec- 
llnnable hypotheais of Lamarcl;. But mi. 
Darwin's yiewshsve one peculiar meiit, &ad 
that is, Ibal they are perfecllycnnsisien". wuh 
an array of facLs which iire utieily ineonsisi- 
entwith and fulnl ti> any oilier hypolbesis 
of progressive modihailion -which has yet 
been anrnnted. It \% one remarkable peculi- 
arity of Mr. Darwin's hypothesis that it in 
Virires no necessary progression or incessant 
iDodiBcntiDD. and ilmt it is perfectly cutisisi- 
ent with Ihe persistence for any len^nh uC 
time of a given primitive stock, contempora- 
neously with its modifications. To return to 
the case of the domestic breeds of pigeons. 
for example : you have the dove-cnt piiionn, 
which closely resembles llie ronk piaeon, 
from which they all ii^taitcd, cr^iillng at the 
same time with the others. And If species 
arc developed in the same way in nature, a 
primiUro slock and its modifluBtioDH may oc- 
casluoally all find the conditions fitted for 
their existence ; and though they conie into 
competition, to u certain eslenf, with otc 
another, tlic derivative species may not ncci^ 
sarily extirpate the primitive one, or nice 



observed effects of tho process by which Mr. 
Darwin supposes species to have originuled, 
Imt which appear to me tu be totally inciti- 
BJstent with any other hypothesis which ha.4 
lieen proposed. Tliere are some groups of 
nuiniuld and plants ia the fossil world wliich 
h»vc liecu said to belong to "perHslenl 
lypBi." hecauae they have persisieil, will- 
very little change indeed, tlirou|rli a vcif 
greitl range ol time, while everylliiog nliuuV 
litem lias changed largely. There arcfami 
lies of tisJies wlioae type of construction has 
persisted all llie way from the carbimiferuui 
rock right up lo the cretaceous ; and ethers 
which have lasted through almost the whole 
range ol thu xecimdary rocks, and from the 
Mat to the older lertluries. It is something 
stupendous ibis— (o consider a genus laslinij 
without essential modilicalions through all 
this enormous lapse of time while almost 
everylliiog else was changed and ra'idilled. 

Tims 1 have no doubt that Mr. Darwin's 
hypothesis will tie found competent to ex- 
plain tho majority of the plienomena ex- 
Idhited by species in nnturo ; but in an earlier 
lecture I spoke cautiously with ri:spect to its 
power of explaining ail tbo physiological pe- 
culiarities of species. 

There is. in fact, one set of these peculimi- 
tics whidi tlifi theory of selective modilicn- 
tiou. OS it stifnds at present, is not wh.iUy 
com[)etent \a explain, and that is thu group 
of phenomena which I mentioneil to you 
under tlie name ot H^biidism, and nhii-h 1 
explained to consist in ihe sterility of Ihe 
nffsprins of certain specieswhen crossed one 
with another. It innllors no' ma whit 
whether this slerilily is univerK- or whether 
it exist ii only in a single case. Every hy- 
pothesis Ih bimpd to explain, or, at any rale, 
not he iocnnslstent with, the whole of the 
facts which it professes to account for ; and If 
there is a single one of tbi'se fuels wblcb can 
be shown lu be inconsistent with (1 do nut 
merely mean loexpliuahle by, but conirary 
lo) tlie hvpothesis. the bypotliesis falls lo lliB 
ground -, it is woith nothing. Uiie fuel with 
which it ia positively iDconsisient is worth 
as much, and us poweifiii in oegaliving the 
hypolhesis, as live hundred. If I am right 
in thus defining Ihe obligations ot a hy- 
pothesis. Mr. Darwin, in oidtr to pisee his 
views beyond the teach of all posaiiileis- 
snult, ought to be able lo demuuslraie Ihs 
poBsibilily ot developing friim a particular 
slock by selective lircediug two form^. which 
should either he unable lo iross one wllh 
another, or whose cro.'-s-hred offspring siiould 
he infeitile with one another. 

For. you sec. if you have not done that you 
have nut sirlcily fulfilled ail the conditions 
of tbo problem ; you have not shown that 
you can prixliico, by Ihe cause assumed, all 
the pbenomena which you have in ntilure. 
Hfre are the phenomena ot hybridism 
Hlaring yon in tho face, and y.ju cannot say, 
' loan, by selective modi lical ion, produce 
these same results," Now it is admitted on 
nil baniis that, at present, so fe.r as txpeii- 
moniB have gone, it has not been found poB- 
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I ilile Ixi pmdUM this complelB phyHinloefcal 
I'lviTiriiice liy selecli™ brrtiiinL'. I siiilcd 
iiiii U'ly (.'li-Hrly lieforK, anri 1 oiiw refer In 
III" (iiiiiil, liecuuBs, if it c.iiilil lie prriTed, nol 
I iilv ihiii ihh hiM-ttol [tern dotip, but tliat it 
runiii'' 111! (lime ; if it ciulU te OenionBtrAlfHl 
itiui It i* impiissllilelo litei-dscU'CtiTeljr, from 
tiny Fliick, It form which shall mt breed 
Willi nniiilitr, pmducnl fmin (he same stiitk : 
anil if vie wero pliuwn Hint lliis must, be (he 
■KMBsoTy and IneviliklilB reHUk of hII eiperi- 
menin. 1 huld Uint Mr. Danvin's bypolliesia 
would be ullrrly stiHltered. 

Bui hiis litis been dnoet ur wliot ii really 
(be Mate nf Ihu cum 1 U is siiiLply IhBl. bo 
fur IIS wu liuvu gone 3'ot nilii our breeJio^. 
wo hn*u nol pruiliici'd from n to mnn hlm:lL 
two brcvda wjiivli arc nol moie or less ftrlilu 
wilb niie niinlbur. 

I (In nol know Ibat there is a Bin^lu fuct 
wbidi wmilil juslify nny one in saying that 
any lifgrpo of hlerility Ims been oliscrved be- 
IWHtn lirenU nl)9olutcly kuown to bavo Iwen 
produced hy seltctivc breeUiii.^ from a com- 
mon Biiick. On l!io oliier bund, I do not 
kaow Ibat lliL'rc is a un^rte tnet whieb chu 
justify anyone In asaertiug that such sieiiliiy 
cBiinol, he produced hy proper experinieiila- 
li'iu. P.ir tny owu parl.l srB every teafon to 
lielicve iiiai llmuy, and wlli be bo produced. 
Piir. 113 Mr. Uurwin has very priiperiy urged, 
wlicEi we consider Ibe pbenoiiicDa of sterility 
wu tiud Ibe^ nre most <»priciaus; wedooot 
know whul it is that Ihe alerility depends on. 
There are some iiniuiats wldch will not breed 
in ciipiiviiy: whuIlitT it arises fnim the 
simplu fail uf liieir heiut' shut up and de- 
prlvtd (if llidr liberty, or nut, we dn nnt 
know : hut Ibey cerlutnly will not breed. 
What au aatounding Ihiuu Ibis is, lo llniJDno 
j<if Lhc masL impoTluut of nit ruoiltODS unui- 
lilUlod liy mere :iiipri3i]iiiiii.'nl I 

Ha, again, Ibere aii: chinch tinown of ani- 
nials which bate been Ihuughl l>y ualuralials 
to he undouhled species, which have yielded 
(enile hybrids ; while theieore other species 
wlAcli present what everybody believes lo 
be varieties* which are more or lesa infertile 
wilb oae another. There am other cases 
vbich aro truly extraoidinary ; there is one, 
for ejtnmple, which has been t^srefully ex- 
amined — of two kinds of sea- weed, of which 
the male element of the one, which we may 
call &.. fertilizes the female element of the 
oihc-r, B, while the male element of B will 
n"! fertill^.B the fctnale element of A ; au 
that, while thu former experiment seems to 
fihnw us that they are carieiies, the latter 
h.'S'l^ to the conviction ibni they are tpedes. 

Wlieii we see how capricious and uncertuio 
:ii» sicrilitj is, how unknown the conditions 
on which it depends, 1 say that we have do 
ri|;lil t:i aBirm IhaC those conditions will nut 
bu bttler understood by and by, and we have 
no gruutid for suppoBlng thut we may iiol bu 




■ble lo experimpnl so as to obtain that crtt 
ciul result whiih J iiitDlioned Just now. So 
that thougli Ml'. Darwin's bypoihcfiiK 6im 
not complvlely extricate us troin Iblsdirg- 
mlly at preK-ut, we have nol the Icaal right 
to say It will not do en. 

Tbeto is a wide gulf between Ibe thing yoo 
cniinKt explnin and the thing that upsets yon 
&Uo{;elher. There is hardly any bypolliesis 111 
this world which has not sorue fact in ooD- 
necllon wlih it which hiis nol beei explained ; 
hut Ihst is a very dlfferrnt affair lo a fart that 
cnlirely opposes your liypolbesis; In this 
case all you can say is Ihnt yntir hypnrhewa 
IS in Ibe saniepnsitinnnsagondmiiuy others. 

Now, as to the third test, that tlii-re are nn 
other cauRpB enmpelenl to explain the phe- 
nomenn, I expliiiniid to you tbiit one should 
lie able to sny of a hypullicsis iliat no other 
known causes Ihan those supposed by it are 
cnmpelent lo give rise to Iho phenomena. 
Hero, 1 think, Mr. Barwin'B view is pretty 
Mruug. 1 really beliere that the altemallve 
is either Darwinism or nothing, for 1 do not 
know of any laiiiinnl conception orlheory of 
the organic univetBe which lins any Bcientlfic 
iiosition at all l>eside Mr. Darwin's. 1 do sot 
know of any proposition Ibst has been put 
before ua wtlh the intention of explaining 
the jihennmena of organic nattiie, whleli Ims 
in ila fiivor a thousandth pnit of the evi- 
dence which may be adduced infnvornf Mr, 
Darwin's views. Wlialevcrinay be the ol>- 
jectinns lo liis view!, certainly all others aro 
absolutely out of court. 

TukeUio Lamarckian bypoihpsis, for ex- 
ample. Lamarck was a great iiiitiiralist, and 
to a cerlain cxlenl went tbo right way to 
work; bo argued from what was unilouU' 
ediy u true cause of Bjmc of llio phenomena 
of organic nature. Hu said it is a mailer of 
experience that uu animal may lie modiSed 
morn or less in conseniienccof itsdesiresand 
cuDsequcnt aclious. Thus, it a man exercise 
himself as a blacksmith, his arma will be- 
come strong and niUKCtilar ; such organic 
modification is a result of this particular ac- 
tion and exercise. Lamarck Ibouglit that by a 
very simple Buppn si lion based on this irulhhe 
could explain the origin of the various ani- 
mal species ; he said, for example, ibut the 
short-legged birds which live on fish had 
been converted into the long-legged waders 
hy desiring to get the fish without wetting 
their feet, and so strelchinc Ibeir legs mora 
and more through successive generaiions. If 
Lamarck could liave shown experimentally 
that even races of animals could bo produuea 
in this way, there might have been stime 
ground for his Bpeculations. But be could 
show nothing of Ibe kind, and his hypothesis 
has pretty well dropped into oblivion, as tt 
deserved to do. I said in an eailier lecture 
that there aro hypotheses and bypntheses, 
and when people tell you that Mr. Daiwln's 
slrongly-based bypothesis is ooibing but k 
modification of LHmaic-k's. >iiu will 

iDW what Ui Ihink of llieir capacity fw 

rming a judpmttit on Ibis suhji-ei. 

But you DLust u-codect ll;at wUen I MJ I 
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Uiiiik it ia eilber Mr. Darwin's Iniiothcsis or 
notliinK, tbut eitlier we must l:,kc bia view 
or lauk upon Ibe wIjuIq of urguDiu nature as 
nil tnigmu. ibcmcaDJD^Cjf nliicli is wbolly 
bidden from ub, jou must undcrGlnnd tbnt I 
meait that 1 act-'ept il prortfiioiinl]]'. In ex- 
nfUy Hie samowBy aa I aoccpl any oilier liy- 
|Hiibesis. Men of Edcnce do not pludge 
IbcmBelvea lu creeds : tbf'y are bound by 
trlicles of no Burt ; Ibcre is not n single be- 
lief Ibat it is not a boiindea liuty tvilb liiem 
lo boldnilli a tight liHDd. and topartfrjlh it, 
(.-heerfuUy, tbe moment il ia renlly pmvpd to 
be coDtmry to any racl, great nr small. Anil 
if in course of lime 1 see good rensnna far 
Bucb u proceeding, 1 ehalt have no bveiiation 
In coming befoio you and pointing out any 
uhaagc in my opinion wilhnit Sliding Ibe 
Blightest ocriisioii to bliisU for en doini. So 
r Bay Ibat wo aecept Ihia viaw na vnj accept 
liny otlier. bo long us it will help ua, and we 
feel bound to retain it nuly so long ns it wilt 
ticrve our prunt purpose— tbe impiovemeut of 
roiLU'^ eslDlu and Ibe widening of his knowl- 
edge. Tbp moment Ibis, or ary otber con- 
cei)lion, ceosoa to lie useful fnr Ibtse pur- 
pOHS. away wilb il to (bo four winds; we 
caire not what becomes ot it ! 

But to say truth, altbouffb it has bei'U my 
business to attend cloaely totbe cunlruveif ' 
roused by the publicalioo of Mr, Dnnvi 
iHtok, I tlitnk that not one uf the enotmi 
niHBS of objections and obstacles wliU'li liavc 
been raised is of any great vahie. except Ihnt 
sterility case wbicb 1 liroiiglit buCnrc you just 
DOW. All the rest ure misunderslnnrtingi of 
some sort, arising either from prejudice iir 
'Want of kiiuwiedge. or still more from want 
•f patience and uira in rending the woik. 

ITor you muU rccallect that It is not n bouk 
to ha lead with as much ease ns ita pleasant 
Btyle may lead you to imagine. You spin 
through It aa if it were a navel liiu llrst liine 
yau rend it. and think you know all about it ; 
the aucund time you read it you Ibink you 
know rather leas aliout it : and Iho lliird 
time you aro amazed to find h<iw little you 
bave teolly apprehended ita viiat acnpe and 
objects. I can poaltively any that 1 never 
lake it up without finding iu it Komc new 
view, ttr light, ur auggestion that I biire not 
noticed before. That in Ibe licst cbarocter- 
iittic of a thorough and profound book : iiud 
I believe this fealure of the " Origin of Spe- 
liles" explains wliy so many persons liave 
ventured to pass judgment and ciiticivms 
upon it which are liy no meana worib the 
ptiper tliey nre written on. 

Defoio coBcludinE llieao lectures thure ia 
one point to whieb 1 must advert— though, 
OS Mr. Diirwin baa auid nothing about man 
In Ilia lionok. it concuma myi^cjf rather tbuii 



(i sound, Ihey apply 
ihu lownr miiiiininlii. >ecing tbut it ia per- 
feclly demonstrnble (b.it I liu structural difler- 
enci-a which soparale man from Ibe upca ure 
D'lt trrenter Ihnn those which aepimue some 
apes' from otbcrs. Tkcre cannot bo the 



slightest doubt in Iho world that the srgD- 
mcnt which applies lo Ihu itnprovemeut iif 
the horse From an earlier atock, or ot iipc 
from ape. applies lu iha improveuienl of m:iii 
fr4m Bomc simpler nnil lower stock Ihuu 
man. There is not u singia faculty — fiioc- 
tionul or stnicturul, moraT, intellectual, or 
instinctive— therein no faculty whatever that 
is not capable oE improvement ; there ia no 
faculty wliatsoaver which doea not depend 
upon structure, and lis structure leads lo 
vary, il is capable of being improrcd. 

Well, I have taken u good deiil of pains ul 
various liiiiea lo juove this, and 1 have en- 
deavored to meet lliaobjec-lionsof those who 
muintaiB that the structura! dlRerences be~ 
Ineen mnn aud the lower animals are of so 
vast a character and enormous extent that> 
eveu it Mr, Darwiu'a views are correct, tou 
cannot imagine this particular uiodiQcation 
to take place. It ia, iu fact, easy matter to 
prove that, so far as structure is concerned, 
mau differs lo no greater extent from the 
animals which are immeillately below hm 
than these ilo from ddier members of the 
aame order. L'pon the olliei' hand, ther^ is 
no one who csliuiatea more highly than I do 
the dignity of bunmn nature, and Ibe widtli 
of the gulf !n intcilecliiiii and mural mutters, 
which lies between man and thu whole rf 
the lower creation. 

But I find tliia very argument brought for- 
ward vebeint-nlly by some. "" You say tliut 
man bos prooeeded from a modification of 
Borne lower nuimal. nnd you take pains lo 
prove that the Kiruclural differeucea which 
are said lo exist In Ills brain do not exiat at 
all. and you teach that all funcUona, inld- 
lectu^. moral, and others, are the espres- 
siunor the resull. In the loug run.ofatrue- 
tures. and of the molecular forces which thy 
exert." It ia quite liue that I do ao. 

■'Well, hut,'' I am lold at once, aome- 
wliut Iriumpbantly, "you Bay in the same 
brenlh that there is i\ gieat moritl and intal- 
leclual chnim iKtweeti man and the tower 
animals. How is this possible when you du- 
claru that moral aud intellectual characteris- 
tics depend on structure, and yet tell us that 
there is no such gulf between the structure 
of mail ami Ihut of the lower animals ?" 

I think Ihnt objecliori is based upnu a mia- 
cimception of Ihe real relaliuDB which exist 
between atruclure and function, between 
mechanism and work. Function is the exprea- 
aion uf molecular forces iiud armngemeniB 
no doubt : but does it fnllow from this that 
variation in fuuclion so deptnds upon varia- 
lion in structure that the frrmer ia iiiwaya 
exactly propnnioncil lo the tatter? If tliera 
ia no such relation, if Ihe variation In fuuc- 
lion which follows Ml a varialioniustruclntB 
muyheenormoQslygreiiler than the variHtiun 
oi Ibe Btruclurc. Ibtn. you ecc, Ihe uhjcctioti 
falls to the ground. 

Take a couple ot walchca made by lbs 
same maker, and as completely alike as pos- 
sible ; stl Lhem Upon the table, ead Ibe fuD(t- 
lion of cacli — which ia its rate of going — will 
be performed In the Bome mimner. and you 
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BhBlI Tie nble to dislinguiGh hd dilTerence be- 
tween tlicm : but let mi; tuke a pair of piu- 
cerB, and if tny band ia steady eNuupU lo do 
it, let me just liglitly crush together Ibe 
beariags of Uie baJance- wheel, or force to a 
slighlly different angle the tuclb of the es- 
capement of one of them, and of cuutiie you 
know the inimediutu result will he ibat the 
VBtdi, so treated, from Ibat mnment will 
cease to ro. But what proporlioQ is lliere be- 
tween the structural alteration anil Ibe func< 
tional reeultf Is It not perfectly obvious Ibat 
the alleration Is of Ibe miinilcsl kiii'l. yet 
llial, slight as it is. ilbaspruduceilnninllnile 
difference in the iierformance of tbo fuuc- 
tiunH of Ibese two instrumenls? 

Well, now, appl.y thai lo the present qiies- 
lion. Wbnt ia It Ibat ouostituiea and makes 
man wbal he la ( What is it but his power 
of language — Ibat language giviug biui the 
means of leuordiag bis experivnue— muking 
erery generation somewhat wiaer than its 
predeeeaaor, more in accordante with liio es- 
tablished order of the universe ? 

What is it but Ibis power of p-iKeth, of re- 
cordini; experience, wliicb enables men to be 
men — lookiDg before and after, unii. in some 
dim senee, undemanding thu working of 
this woudrons univerisu— and whieb dislin- 
guishes man from the wbulu of tlie trute 
world? I fay that this fuutlional difference 
is vast, nnfalbomahle, uud truly infinite ia 
itB consequences ; and 1 sny at the mime 
time [bat it may depend upun structural 
differeoees wliicb shall be absolutely inap- 
preciable lo us with our present means of in- 
vestigation. What is Ihis very Bi)ei;cb ibat 
we are talking about ? I am apenkiui; lo you 
Hi this moracut. but If you were to alter, in 
the minulest degree, Ibo proportion of lliu 
nervous forces now active in iJie two nerves 
which supply the muscles of my glollia, I 
abould become suddenly dumb. The voice is 
produced only so long as tbe vocnl chords 
arc parallel ; and lliese aru parallel only so 
long as certain muscles contract with es^ct 
equality ; and that again depends on the 
equality of action of those two nerves I spoke 
of. So Ibat a change of lUe minutest kind iu 
Uie structure of one of these nerves, or in the 
Bttuclute of Ibe part in which it originates, 
or nf the supply of bloiiU to that pa " 
one of the muscles to which it is dlst 
might render all of us dumb. 

dumb men, deprived of all 

with Ihofe who could speak, woidd be liClle 
indeed removed from the (irotes. And the 
moral and inlellectuul difference between 
them and ourselves would be practically 
inflniie, tbough the naturalist should not he 
able lo &11I a single sbiulow of even specific 
fllruclu'ai difference. 

But let me dismiss this question now, and, 
' 1 conclusion, let me say Ibat yuu muy go 




believe that if you atrip it of its Iheorelind 
patt it still remains one of the grvattst en^ 
cyclopedias of biological doclriue liiiit any 
one man ever brought forth ; and I bellevu 
(hat. if ^on lake it ns the cmhodiment of s 
hypotbesis, it is destined to be the guide of 
biningieal and psychological speculatluoft. 
the nuxt three or four generations. 



itrlbuted. 



away with il 



s my n 



lliut 



]Hr. Durwin'a work is thu greatest coniribu- 
liun which has been made to biolo.sicnl sci- 
since the publication of the " Hepne 
Animal" of Cuvier. and since Ibat of Ibo 
" History of Development" of Von Baer. I 




i.'OiiiuiNa DBS KEpfcia. P»r P. Flouiiens. I'ari* 

Is (ho course of Ibo present year (180^ 
several foreign commentniiiM upon Mr. Dar- 
win's great work iiave made their appear- 
ance. TUo!:e who have perused that remark- 
able chapter of the " Antiquity of Han," In 
which tilr Charles Lyell diaws a paiallel ba- 
Iween (he development of species and (hut 
of languages, will be glad lo hear that one of 
Ibe most emiuent philologers of Geimany, 
Professor Sebleieber. has. inikpendtntly, 
published ainnst i/itlructiveund pbilciopl ileal 
pamphlut (an excellent notice nf which is to 
be found in tbe Reader Tor Ftbiuary 27th 
ofthisyeai) eupportini; similar views with 
all the weight of Lis special knDwlFdj|G and 
established uulhorily as a linguist. Profes- 
sor Ilacckel, to whom Schleicher addiessel 
himself, previously look occasion, in hia 
splendid nionDgraph on \iiB Hadiolima. to ex- 
press his high appiecialion of, and ttinenl 
cuncorduBce with, Mr. Darwin's views 

But the most elaboiate criticisms of the 
" Origiu of Species" which have iippeatwi 
arc two works of very widely differpol merit, 
tbe one by Professor Kfillikcr, the well- 
known nnuloraisl and histok-gist of Wiln!- 
burg ; (lie other l)v M. Flcuiens. Perpetual 
Secitiary uf the French Academy of Sci- 
ences. 

Pmfcssor KiJIliker's ciitital essay " Upon 
Iho Darwinian Theoiy" is, like ail that pro- 
ceeds from the penuf that Iboiigbtfid and 
accomplished writer, wnilby of Ibe must 
careful consideratinn. It cc'inpriscs a brief 
hut clear skttcb of Darwin's views, foliowed 
by an enumetallon uf the leading diflicultlea 
iu the way of their acceptance; difSciilties 
which would appear to he iut uimounlgljle to 
Professor Kclllkcr, inasmuch as he pro- 
poses lo replace Mr. Darwin's Ibeoij by one 
which he terms the "Tbeniy of Hetcroge- 
neouB Oener-Jtinn." We shall pioceed lo 
consider trst the destructive, and second^ 
tbe constructive portion of the essay. 

We regret to find ourselves compelled to 
dissent very widely Irom many rf ProfeEaor 
R51liker's remaiks ; and friini none more 
thoroughly (bau from tlioee in which he seeks 
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to deflne wbAt we m&y term the pLilosophical 
potriliOQ of DarwinisDL 

" Darnin." KsyB Professor KOlliker. " Is, 
in Uie fullest sense of Ihu word, a Ivleologist. 
He BAjs qulle disllDCLly (FirsI Edition, pp. 
199,200) Ihiit every parliculur in ILe struc- 
ture of un animal bus been creuted for ils 
benefit, and hn rrgatds tbu nbolo aeries of 
ftniraal forms uuly fmm tliis point of view." 

And again : 

" ?. The loleologioul general conccplioa 
adnplt:d by Barwiu is ii mislukcn one. 

" Varieties arise irrespectively of Ibe nalion 
of purpose, or of utility, accunfing lo general 
laws of nature, and may be eltber useful, or 
burlful, or indifferent. 

" Tbu BHumplioQ that an organism exists 
ODiy nn ai^euuot of some definite end in view, 
and reprasents soinetliins more Ibcj tbe in- 
Corpor'iliTin of a general idea, or law, implies 
a oue-sviled concaption of tbe universe, As- 
■iireiily, e»ery orffrn bus, and every organism 
fulfils, ils end. but its purpose is uot tbe cou 
dilioa uf its existenuu. Every organism is 
also sufflciently perfect for ibe purpose it 
serves, and tn Llint, at tense. 11 is unless to 
luek fov a cause of its improvement. " 

It ia singular bow diffurenilv one and lite 
BHme bitiik will impress different minds. 
Tliut wbii'h struck llie present writer most 
Uircilily on bis first peruBal rif the " Origin 
' of Species" was Ibe conviclinn tbat teleology, 
lu cotnmouly understood. Iiiid received its 
dtaitU-blow tit Mr, Darwin's batids. For the 
ttJeologiuHl m'gutneut runs tbus: an organ 
or orgaaism ( \j is precisely fitted to perform 
a fiiucliun or piirpose (B) ; tliercfore it was 
. RMjclally cuns.'.ructed lo perform that f uuc- 
tioa. In Faley's famous illuatralicp, the 
adaptation of m tbe parts of tbe watcb tu 
thu ranulion, or purprisc, uf showing Ibo 
time, is held to be evideoec tbat the watch 
-was specially contrived to that end ; on tbe 
grouud that Ibe only cause wo know of, 
aompetent to prodncc Midi an effect as a 
iratoli which shall keep time, is a ciintriviog 
inlellli^nce adapting the means directly tu 
tbat end. 

Suppose, huwever, IbaC any one Lad buna 
able to show that Ibe watch bid not Ueeu 
made directly by any person, but that it was 
the result of (he modillcatiou uf aootber 
watch which kept time but njorly ; nud that 
Uiis Qguin had proceeded from u slructuro 
! which could hardly be called a watch nt nil. 
' Beeiug liiat it had no figures on tbe dial and 
Iho bauds were nidlmeulary ; and tbal going 
Ixick and back in time we came at lust lo a 
levolving barrel as tbe earliest traceable rudi- 
■aeat of the whole fabric. And imagine that 
',1 had lieen possible to show that nil these 
•thtuigea bad rtaulled, first, from a tendency 
•tf the structure tu vary indefinitely ; and 
iecondly. from something la the surrounding 
vorbl wbicU helped all variations in tbe 
linictioa of au accurate time-keeper, and 
Jtccked all those in other directions ; then 
t is obvious tbat Iba force of Paley's aigu- 
aent would be gone. For it would be dem- 
Tuted that an apparatus thoroughly well 



adapted to a particular purpnse might be the 
result uf a method of trial and errur woiked 
by uniniulligeut agents, as well as of tbe 
direct appllcatinn of the means appropriate lo 
tbat end, by an mtelligent agent. 

Now it appears to ua that what wo have 
here, for llluitration'^ sake, supposed to bo 
done with the natch is exactly what tbe es- 
lablidhmenl of Darwin's theory will do fut 
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world. For the u . 
or^rani<im has been created as it is and 
launched straight at a purpose, Mr. Darwin 
substitutes tbe conception of sometbinK 
which may fairly be termetlu method of trial 
and error. Organisms vary incesaautly ; of 
Ibeso varlalious the few meet widi sur- 
rounding conditions which suit them and 
thrive; tlis many are unsuited and become 
exlinguitihrd. 

Accordm^ lo teleology, eaeb organism Is 
like a, rifle liullet fired atraigbt at a mark ; 
according to Daiwin, organisms are like 
grappshot of which one bits Kametbing and 
the rest fall wide. 

For Ihe Ideologist nn organiEm exists ^e- 
caiisu it was mailo for lite conditions in wbicji 
it is found ; for the Dnrninian an oi^auisni 
cxisls because, out of many of its kind, it is 
tbe only one which has been able (o persist 
in tbe eruditions in which it is found. 

Teleology Implies that theorjpin^of every 
organism are perfect and cannot be im- 
proved ; the Durwinian theory simply 
ullirms that lliej work well enough to enable 
tbe organism to hold its own a^nst auch 
competitors as it has met with, but admits 
the possibility of indefinite improvement 
But an example may bring into clearer ligh 
tho profound opposition between the oidi" 
nary leleulugical and tbe Daiwiniun couoep- 

Cats cntch mice, small birds, and (he like, 
very n'ell. Teleology lells us that they do so 
because they were expressly .consUucled for 
BO doing ; tbat they are peifect mousing ap- 
paratuses, so perfect and so delicalely ad. 
justed tbat no one iff their organs could be 
altered, without Ihe change involving tbe al- 
teration of all Ibe reiit. Darwinisni atBrms; 
on the contraiy, that there was no expresi 
construction concerned in the matter ; but 
Iliat nmong Ibe multitudinous variations of 
(ho feline slock, many of which died nut 
from want of power lo resist opposing influ- 
ences, siirao, the cats, were bettrr fitted to 
catch mice than olbets, whence Ihey throve 
and persisted, in proportion t(i the advantage 
oviT their fellows thus offered lo Ihfm. 

Par from imuginlng Ihat cuts exist in order 
tn Caleb mice well, Darwinism supposes (hat 
cats exist heeause they culch mice well — 
moualug liciug not Ibo end, but liie condi- 
tion, of their existence. And if the cat-typa 
has long persisted as we know il, Ibe inter- 
pretation of the fact upon Darwinian princi- 
ples would be, nut that tbe cats have re- 
miiined invariable, but tbat such varieties us 
liavo incessantly occurred have betn. on the 
whole, less fitted to get on in tho world than 
stock. 
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If wo f pprulicnJ Iho ipiril of Uio " Origin 
of Specire" lif^lilly, tlien, Dolliiiig nn liQiniiie 
enliicly anil absolulcly opposed to teleulngj'. 
itB it U commoDly unUerBiuQil. ilian tlio Dar- 
winian llicoty, So far from bcini; ii " teleo- 
logist ia llic fnllctLHt^nsDuf Itie word," we 
^II□utll deny tlial lio is ii teleoluglst !□ tliO or- 
dinury scmu nl all ; uud we ehoulil say Hint. 
mpurt from Iji^i mcTits nx n nnliirullsl, he has 
rendered ii nio^t remarkable service lo philo- 
Bopliical lliougliC liy unaljlin^ llieKttideut cf 
niUuru to recoj^'dase, li) llitir fnlle^t cxlenl, 
UiOHe Ddapt!ilk-D3 tu purpose viiich uto ei> 
Gtribio); jn I ho organic world, uud which tele- 
ology has doDCgooLl ECTvicu in keeping Imfore 
tmr miuda, wilhout ilfiii^ fillsu lo tho fun- 
dainunliil principlL's rf a Mucnlilic cuaeeplicsn 
of the univuise. The Hppureiitly divergiug 
leBchings of Ihu 1clpola(;]st niicl of the mor- 
pholfigisl uro rcouciled by the Darwiniaa hy- 

Bnl leaving nur owq impresainns of the 
"Origin of Species." and turning to Ihosu 
pusA^es specially ciledhy Professor E^lliker. 
we ciinnul admit that Ihey Ivitr the inlerprc- 
tation hti pula*uiK)n them, Durwiii, if wtj 
read him rigblly, diies no(*afliim that cicry 
detail la the Btiurturc of un animal has been 
cr<-alcd for lla beDt.-fil. His nords ere (p. 
199); 

■■ The foregoing remaiks lead me to Fay a 
few words on Ihe protest laltly made bysoiao 
naturulials ajiainst Ihu ulllilaiian doclrinu 
that every detail of strucluru has been pro- 
duced for tho good of its pnssessor. They 
believe that very many gtructuroa Iiave Ireen 
created for t>eauty in the eyes of man, or for 
mere variely. This doctrine, if true, would 
be absoiuleiy fatal to my theory, yet I fully 
admit that many structures ure of do direct 
uae lo their pussessor." 

And after sundry illuslralinns and qualiS- 
oallDns, he concludes (p. 200) ; 

" HcDce everj detail of struelure in every 
ll?ing creature (making some lillle allowance 
for the direct action of physical conditions) 
may be viewed either* as having been vt 
•pecial USB to some ancestral form, or as 
being now uf special use lo the descendants 
of this form — eilher directly or indiiecily, 
Ihruiigh the complex laws of growth.'' 

But it is one thing to say, Darwinically, 
that every detail observed in no animal's 
structure is of use to it. or has been of use to 
its BUceHtors ; and quite auother lo afhrm, 
leienlogically, that every detail of an ani- 
mal's btructure has been created for its 
benefit. Un the former hypothesiH, for es- 
ample, the tcclh of the fo;tal Balana have u 
meaning; an the latter none. Sofariiswe 
aie aware, there is not a phrase in the 
"' Origin of Species," inronsistent with Pro- 
fessor EClliker's position, lliut "varieties 
arise irrespectively of the notion of purpose, 
or of utility, according togeneral laws of na- 
ture, and may be cither useful, oi hurtful, or 
indiilerent. 

On the ccntrary, Jlr. Daiwln writes (Sum- 
mafy of Chap. V.): 

" Our if^oraacc of the laws of variation is 



profound. Nut in cue mm (Hit of h hoB- 
dreil eiin we ii'tlicii In nsfligli any leasoil 
wliy tills or lliat fuit varies m(.ro or less 
from ibcBamoTiaitliiihopartnls. . . . The 
external conditions id life, as climate flad 
food, etc., seem lo linvo Induced some sli^ 
luodiricftlionB. Huhil. iu producing coDSli- 
tulionul ditTerenccB, and use, in sttcuRlhen- 
ing, nud disuse. In weakcnlag and dlmiui^- 
iiig organs, seem Iu have liueii more potent in 
Ihelr (fleets." 

And finally, as if lo prevent all ]iuBi)ble 
miscuDccption, Mr. Darwiu concludes hhi 
•■Chopler on "Voriation" whh Ihcse pK^- 

"■\Vhn1ever tho cause mav bo of each 
slight diScrcneein the offspring fromtlielc 
l)urents— and a (»use for each must exist — it 
is the bleady accTimulutiou, thioiigh naluial 
selection of aucL tUSereucrs, when beneficial 
lo the individual, that ,t;iTcs rise lo all the 
more important mudificatlons of structure, bf 
wliich the iimumerablo beings on the face ot 
the eaith aro enabled to stni^le with each 
otlier, and the best adapted to survive." 

Wo have dwelt at Itngth upon this rob- 
ject, because of its great general importance, 
and because we licllcvo that Professor KOl- 
iiker's criticisms on this head nrc liased upon 
amisappr(^hcnsioao( Mr. Darwiu'a views — 
Buhstaoiially they appear to us to coincide 
with his own. The other objections which 
Professor EOlliker enumerates and dlscusseB 
are the following : 

"1. No transitional forms between exist- 
ing species aro known : uud known varie- 
ties, whether selected or spuntancouii, serveT 
go so far >i9 to CBlahlish new species." 

To this Professor EOiiiktruppeiirs to allach 
some weight. He mHltes the suggestion Ibal 
the sl.tort-foced tumbler pigeuu may bu a 
pathological pTudud. 

"2. No transitional forms uf animals are 
met with iiniong Iho organic remains uf ear- 
lier epochs." 

Upon this, Professor Kcllikcr remarks that 
the absence of liansiliouid forms in Ihe ita- 
si) world, though not necessaiily fata! to 
Darwin's views, wttikens liis euse. 

" Ii. The struggle for existence dotss not 
take place. " 

To this objection, urged by Pulxela, EOU 
liker, vere justly, atlHebes no weiglit. 

"4. A tendency uf organisms tu-givo rlae 
to uselul varieties, and a nnlurid scleclton, 
do not exist. 

'■ The varieties which are found arise ia 
(wnseijuencc of manifold exlerniil influences, 
audit is nut obvious why they all. orjiai' 
tially, should be particularly ustful. £*cb 
aaiiaal suificea for its own ends, is perfect o( 
its kind, and needs no further development. 
Should, however , a variely be useful and 
even maintain itself, there is no obvious 
reason wliy it should change any further. 
The whole conception of the imperfection oi 
organisms and the necessity of their beuum- 
ing perfected is plnlnly the weakest sideof 
Darwin's theory, and a jm alier (Natbbehdf) 
because Darwiu could Ihiak of no utlwr 
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principle by which lo explain 

pbosee which, as 1 also believe, have ov- 

cutred." 

linte again wc muEt venture to disscDl 
completely from Pnifessor KOlliker'B eon- 
ccpiiuu fif Mr. Dnrwiu's hypoIheBis. It ap- 
pears to lis li) bi; one of Ibu muny peculiar 
merits ur lliat bypatiesia Ibat it invulcea uu 
bi^lk'f iu a necesiia.ry and continual progress 
o( or^iiisms. 

Agftin, Mr. Darwin, if we read bim 
url^bt, asauiDta no special teuAincy of or- 

Eoisms to give use to uaeful varieties, atid 
ows nulhing of neerls of dovelopment, or 
ni'tSBalty of perfeclion, Wliat he sa^a is. in 
Bubatiince : All orgunisms vary. It is iu the 
hlgliest degruo improbubtu ibat oiiygiv 
rieiy abnuld bavu e.xacily Ibe Biime rel 
Ui Burrouadlug conditions aa the parent 
Btock. Id that ca^ie it is eiltier better Qtlcd 
(wben the variation may tw called useful), or 
vorae fitted, to cope with ibem. If better. 
It will lend to supplant the parent stock ; if 
-worse, it will tend to iie extinguishod by the 
parent stock. 

If (as la hardly conceivable) the new variety 
is 80 perfectly adapted to llie condiliutia iliat 
no i m pro vein en t upon it is possible— it wdl 
persist, bccHiisc, though it doeii not cease 
to vary, tbs varieties will be inferior to 
Itself. 

If, as is more probable, the new variety is 
by no means perfectly adapted to its cundi- 
11ou9. but only Fairly welL adapted to tliem, 
it will persist, so long as none of the varieties 
Vblch It throws oft arc better adapted tbau 
ilBPlf. 

On the other hand, as soon as it varies in a 
naeful wny—i.e,.. when llie variation is sucli 
Bs to adapt it mure perfi-clly lo its conditions 
— 4he fresh variety will lend to supplant llie 

8o far from a gradual prORresa toward per- 
fection forminii any netesaury part of Ihu 
Darwinian creed, it appeurn to us that it is 
perfectly consistent with Indefinite persist- 
ence in one state, or with a gradual retiogreu- 
aloQ. Suppose, for esample, a return of llie 
glacinl epoch anil u spread of polar climalal 
conditions over the wliole globe. Tlia opera- 
tion of natural selcclion under these circuni- 
Blances would lend, on the wliole, to the 
weediog out of the higher organisms and the 
cherishing of (he lower forms of life. Cryp- 
togumic vegetatiun woutd have the advan- 
tage over phaneroganiie ; Hydrozoa over 
conds ; Orutiaeta over Iiiteiia, und Ampld- 
poda and Itopoda over the higher CrviUtcea ; 
cetaceans and seals over the Primaic*; the 
clvilizulion ot the E^i^iilmaux over that of 
the European. 

"a. Pelzcln has also objected that If the 
later organisms liavu proceeded from the ear- 
lier, the whole developmenlBl series, from the 
Simplest to the highest, could not now exist : 
in Buch a case llic simpler or^nlsms must 
have disappeared." 

To this Prolessor KBlliker repliea. with 
perfect justice, thai the conclusioo drawn by 
FlAEln does not really follow from Darwin' 



premises, and that, If we take the facts of 
palteontology as lliey stand, itiey rather sup- 
port thun o'ppuue Darwin's theory. 

" 0. Orcat weight must be attached to the 
objection brought forward liy Huxley, ollier- 
wiae a warm aiipporter of Darwin's iiypothe- 
Bis, Ibat wc knoi^tfofuo varieties which an 
sterile witb one another, as Is the rule among 
sharply distinguished animal forms. 

"If Darwin is right, it must bu demon- 
strated that forms may be produced by aelec- 
tlon, wblch, like the present sharply distin- 
guisbed animal forms, ore infertile when 
coupled with one another, and this basnet 

The weight of this olijeclion is obvious ; 
bnt our it;noniuce of the conditions of fer- 
tility and sterility, the want of carefully 
conducted expeiiinents cxlendlog over long 
series of years, and the strange anomalies 
presented by llie lesults of the eriiss-Ieitili- 
Taiion of many plants, should all. as Mr 
Darwin has urged, be taken iuto account in 
cousideriuf; it. 

The aevenlh objection is that we have 
already discussed. 

The eighth and last stands as follows : 

"8, The developmenlal theory of Darwin 
is not needed to unable us to nndcrstaud the 
regular harmonious progress of the complete 
series of organic forms from the simpler to 
(he more perfect. 

" The existence ot general laws of nalure 
explains Ibis harmony, even i£ we assume 
Ihat all beluga have arisen separately and 
iodepeiideut of one another. Darwin forgets 
that inotgunic nature. In which tlicru can bo 
no (huugbt of a genetic connectlou of forms, 
exhibits the same regular plan, (be sams 
harmony, as the orgauic world ; and that, to 
cite only one e.iauiple, there is as much a 
natural system of minerals as of plants and 

We do not feel quite sure that we seize 
Professor KOUiker's meaning here, but he 
appears to suggest that the observation of 
llie geoend order and harmony which per- 
vade inorganic nature would lead us to an- 
ticipate a similar order and harmony in the 
organic world. And this is no doubt true, 
but it by uo means follows that the pailicu- 
lar order aud harmony observed among Ihem 
aliuuld be ihat which wc see. Burely the 
stripes of dun horses, and the teeth of the 
fwial Balteiui, aie not explained by the 
" exislunce of general laws of nature." Mr. 
Darwin endeavors to explain tUo exact order 
of organic nature which exists ; not Ibe mera 
tact that there is some order. 

And wilh regard lo Ibe cxistcw^e of a nat- 
unil system of minenUs ; the obvious reply 
is ihftt there may be a uatuial classiUcaliun 
of any objecla— of stanes on a sea-beach, or 
of works of art : a nniural classification being 
simply an assembinge of objeclsin groups, 
80 as to express their iu3st impnrianl and 
fundamental resemblances and differences. 
No doubt Mr. Darwin holievcs (hat those re- 
aemblances and diSercnees upon which olu 
natural syalems or cltusifieations of animals 



and plaoU are bnsed nrc resemblances HCid 
I'liflureiicoB wliii'h hiivc hwii iiroducoii ge- 
UDliciLlly. but we CUD illiii.iive( no tctisou lor 
iiil[tpuiiiQtf lliat lit: denies llie exiBluu[:Q of 
nutiirol cTussi&ialiuDS of otUer kiuds. 

Antl, afler titl, is it qiiilo eo certain tliat a 
sODBlic relaLiou may not Hurlerlie llie claHoi- 
fiL-Htim of mioKruls? Tlie inorgauic world 
Uas aot itliviys tioeu wliiit wu Bee it. It has 
cerlBlnly bad its melomorpbosta, and, very 
probably, u Ions " EDtwickehingEgeaphicblB 
uiit of n nebulur blastema. Wbo ktiowu Uuw 
far Ihut amDunt ot likeuess amuug Hets or 
miiieruls, iu virtue of wliicb Ibey are now 
grouped Iiitofamilica and orders, may not be 
Ihe expressiou uf Iha comruou coudiliuus to 
vbicb llial parLjculur pulcb of nebulous fug, 
wliich miiy have liecu constituted by lUelr 
atuma, anil of wUiob lliey may be, in ibe 
itriutCBt Heuae, iRe dcsceudanls, wns sub- 
jected r 

Jl will be obvious from whal has preceded 
Ibat ne do not agree nilb Professor K^ Hiker 
in iliiiiking ilic objecUoQii wiiirb lie briugs 
forward au weiglity ss to be fatal to Dar- 
viD'a view. Bui even if tbo case were other- 
wise, wo ahouiil bo unable to accept Ibe 
" Tiieory of Hetcrugeiieoua Generation" 
which U, olTeted aa u substitute. That 



potbeais is that, under Iho inlliicnce of a 
general law of derelopment, th? j;ermB of 
organisms produce titliers dlfTetenl from 
Ibum^lvea. Tbla might happen (1} by the 
fecuoduled ora posaia^. iu the course of 
ibeir derelupment, under patticular ciicum- 
Btnnccs, into higlier form^ ; (2) by the primi- 
tive and later organisms producinj; otiier or- 
ganiams williout fecundation out i/f gutms 
or nsg'i (pBilbenDgenudis)." 

Ill furor of this liypotliesiB, Professor 
EOltiker adduces Ibe weU-knnwn fuels of 
ngamogencsis, or " slternate generation;" 
Ibo Fxireroe dissimilaiity of Ihe males aud 
femalea of many animals ; and sf Mia ii.iitc^ 
femnies, and neuters of ihuse inKitla which 
liic in colnuiea ■ and he defines its leluliona 
to Ihe Darwiui.n theory as follows : 

" It is ubvious Ihal my hypothesis is ap- 
pareolly very shiiilar tn Uarwjn's, laasmucb 
as I also consider that the various forms of 
nnimals have proceeded directly -from oca- 
another. My hypo thesis of the ciealionof or. 
gnniams by helerot^eneous geuemlion, how 
BTer, ia dialing uialied very essenliully from. 
Darwin's by the entire absence nf tho 
principle of useful variations and their natu- 
ral selection : and my fundauientai concep- 
lioD is this, lliat a great plan of developmeul 
lies at the fuundatlcD uf the origin of tbo 
whole orgnnic world, impelling the simpler 
forms to more and more complex develnp- 
iiienla. Ilow this law nperatcE. whnt InUu- 
euces delerminc tlie lieTelupment of (he c^gs 
and )^rma, and impel Ihem to aa:flime cun- 
alanlly new fotms, 1 naluiully cannot pre- 
tend to say: but 1 can at least adduce Iho 
(Iteal analoBy of the allernalion of genera- 
If a Bifiinnaiia, a Brtuhialaria, a 



Fluteut. la competent to produce IIicEcIi1do> 
derm, which is ao widely different from it ; 
if u liydroid polype can produce Ibo bigUet 
iiiudusQ ; if the vermiform trematode 
'nurse' imn develop wllliin Itself ihu veiy 
iinlllie Ceratria, it will nyt appear impossiblo 
that liie egt;. or <!ilialed embryo, of a 
sponge, fur oucc, under special condilious, 
might liecome o hydroid polype, or the em- 
bryo of a medusa, an Ecbinoderm." 

It is obvious from IhesK exttar.'ts tbntPro- 
feasur KOIIiker's liypoiheaisis is based upon 
the aupposed es'ialeuce of a close analog 
between the phenomena of agamugencsis 
sad the production oi new species from prtt- 
existing ones. But is the analD<ry a real 
one t We Ibink that it is nut, and, by ih« 
hvpolhcsis, cannot be. 

For what ate the phenomena of agamo- 
genesis, staled geuetnlly? An impregnaled 
egg develops Inlo an uaexual form A ; lliis 
gives rise, uaexually, to a second form or 
forms, it, more or less diHerent frnm A. B 
may multiply asexually again ; in the almpt« 
cases, however, it dnes not, bur, HC<|uiriag 
sexual characters, produces iinpregndlcd eggs 
from whence A ooce mure nriaea. 

No case uf iigamngenesia is known In 
which, inkfti, A differ* tadeiyfrom B, it la It- 
self capable of sexual piopagiitioB. Jio cane 
whatever is kuown in which Ihe progeny of 
B, by sexual (.'cueiadon, is other than a tb- 
produclion of A. 

But if this be a truo stolcment of ihc dbt 
ture uf the process ot agamogeneBin, how con 
it enable us to comprehend tlie productiou of 
new species from already existing ones 1 Let 
us Buppose byeuoti lo have preceiled dogs, 
Hod to have produced the latter in this way. 
Then the hyena will represent A, and Ihe 
dog li. The flist dithculiy llmt preseota 
Uelf is that tlie liyena must In- asexual or the 
process will he wholly without analogy in 
the world of ugiunogencsis. But possiDK 
over this difficulty, and siippusing a male ana 
female rio^ to lie prudueed at the same time 
from the hyena stuck, the progeny of Uiv 
pair, if Ihe auulo}!y of the simpler kiodBoE 
iigamogenesia is to be followed, should ba a 
litter, n»t of puppies, but of y^irang hyenas. 
For the agamogeuelic aeries is alwcya, as 
we have seen, A : B : A : B, etc. ; wliereaa 
for the production of u new species Iho seiies 
must bo A I B : B : B, etc. The production 
of new species, or genera, is llieexiremo per- 
muuent divergeoce from the primitive Glutdc 
All known agamrjgenetic proceiiscs, on lliu 
other hand, end in a complete return lo lli« 
pnmitive stock. How then is llie production 
of new species to be rendered intelligible by 
Ihe analogy of agamogenesis t 

The other aliuroativo put by PtofeaBor 
Kfilliker— the passaive of fccundiited ova in 
llie course nf their 'deTelupnicnl into higher 
forms— would, if it occuned, lie mirtly ut 
extreme case of variaiiou in the Dorwiitiaii 
sense, greater in d^ree than, but perfectly 
similiir iu kiud to, tbut which occurred when 
the well-known Aucon lam was developed 
from on ordinary ewe's i-j— j — 
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haTealwayatUoiigUt lliat Mr. Darwin liaa uu- 
necenHarily tiampereil himself by adburing »> 
•tilclly lu Iiij favorite " Niktura noa tacit 
B^lum." We BrBatly suspect that sliu does 
nutke conaldttralile jumps ia liie way uf vu' 
rittlian now aud tiitiu, uuil IhaC llicse salta- 
tious give riiju lo some of the gapsi ivbich ap- 
ptmr to exiit in the uriea of kurjwn fornui. 

Btrongly nnil freely as we have ventured 
to dlaagfae with Professor K^lliker, wi; have 
alwnys dODd bo wilh regret, and nc tiuat 
vUbiful liolating that rt-^pei-t which is due, 
aot ODiy 111 tils Bcieiilifl(! eiuiueuce aud ru the 
flanful study ^v1lich hii hits devoieil lu iEju 
subject, but 111 ilic perfect fmrtte&a of hia 
BTKamtnintlun, and ibe generouB HpprcciAi- 
tion of llio worlh of Jtr. Darwin's lubora 
whiuh lie iilwiijB dispUys. ]t would lia Bat- 
Isfactury to iia able tu B«f us much for M. 
Floureas. 

Bui the Perpetual fiecretary of the French 
Acndemy of Scicau^s deala with Mr. Ditrwin 
OS the U(«t Napuloun wnidd liiivo trtaled an 
" iJBulngiie ;" und while dinplHying a pain- 
ful weokoi'^s (if Uigic uail xliallowQeas nl m- 
formuli >ii, aaBii[ni.B u lone nf aulliorily 
wliicli always liiuchca upon the ludicrous, 
and aumetmiea pasaca tbu IJmila of EUOii 
breeilinf;. 

For ex»mpls (p. GG) : 

"M. Darwin conliniio: " Aucuao dialinc- 
tioD alMuluu ii'ii £16 Et He ptut u(re ebiblie 
eniro Ics c^|<£ces ct ks Turiuicj, ' Jo vim.s ill 
MjS. dil que Tous voub tr^fmjiiez : une Uis- 
lluctiiin nbjolua sCpare lea vnriete* d'avee lea 
emiava." 

" J« vov» ai dfjd dU ; moi M. le ijecr^talio 
piffp£tucl de rAca^umio dua Sciences : et 

Vas meme Academicieu ' 
Vbut do yuu nifiiu by uaaeriing the con- 
t»rvV" Beiug devoid of the bleaHJuga of iin 
■cailemy in Eo^^i^lqiJ^ we arc UQacciiBliimed 
to see iiur nbleiit meu treuted in Ibid fatibion, 
oren liy a. " Perpetual Becrelary." 

Or agULu, considerlnGf that it there is any 
OBO quality (if llr. Darwin's work to which 
friends and foes Iiavu ulikt; borne wilnesv, it 
to liix candor and falrneBS in admitting' and 
diwusiiing ubiecliuna, what ib to be thought 
o( H. FIniirens's nsscrlioa, tliat 

'' H. Darwin ne cile {{ue lea auleura qui 
pBTttLseat aes opinio us" (p. 40j. 

Ouenmoie <p. OS). 

" £ufiu I'ouvrngu de M. Darwin a pani. 
On ne pent qu'eire frappS du liileiit de 
I'auteur. Mais quo d'idees obscuivB, que 
d'ldee» fiiiisses ! Quel jargou nieiaphyaique 
}et« mal & prop us dans ruistmre uaiiircilu, 
QBi tinntw d.ins le gnlluialba dSa qii'cUe sort 
OH itiws clairea, idea ideea jualca ! Cjuel 
lumtgB pretentleus et vide! Quellcs per 
■OnificftlioDa pnfiriles ct suranDess ! O lu 
ddit£ I O anlldile de I'esprit Fran[,'aU, quo 
doTCnez-vous I" 

" Obscure iJGna," " metaphyaical ]m- 
■on," " preluntluua aud empty l;in!;"'"'''-'i'' 

puerile and auperauuuatuii pcrsoiiJlli..a 



tions.'' Kr. Darwin has raany aud Into; 

pnnenla on tliia siite of the Channel and 

Qernitiuy, but we do nut lecolluct la liuTe 
found precisely these sins In llie long cata- 
logue of lliJiie uilhertn laid to his cliaipc. it 
is worth wliilo, IJierefiire, to cxamino into 
tiiese disisoveriea effected solely by Ibe aid of 
the " lucidity and solidity of the mind ot 
M. Flnurens. 

AciMirding to M. FlotrsQa, Mr. Darwin's 

f;reat error u that \ii liaa peisiniflfd nalure 
p. 10), and furtiisr Ihat he bai 
■■ iranainpd •: r.ad-.rai acli'clion ; Im imagiOM 
afterward limt this p.iwer iit aclecting 
(pouDOfj" (i'^iVe) WQlch lie piwes t~ "* '" 
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•upponilion-i ailniiiled miihing stops hiii , 
110 plays Willi nuluie ns ha likis, and makes 
her do all iie pleaaea" (p. (1). 

And this is the way M. Flourcus extio- 
guisliea natural Belectinn ; 

" Voyiius done encoie line fois, co qu'll 
pent y ivniir de fonde dima l-u qii'uu nommo 
SUctiiin wiliirdU. 

" L'ilertion naturcUr. n'est sous iin autre 
noni qiiu til naiure. Pour un C-Ire urganisfi, 
la natuic n'cal que i'organizuli'^n, iii plus 
ni moiiia. 

" 11 faiidra done nussi personnilier I'organ- 
ua/ioa, et dire que I' orsallunlHon choisil I'ui'- 
ganiiiUioii. L'ilectiannntareUet'it c,B\,lufarm» 
Au^nnficrbdaot unjouait auln'foia aveu laal 
ds facitite. Arislnle disait qua ' Bi Tart do 
bSlir 61ail dans lu bols, let art aginiit cnmrno 
)a ualuri!.' A la place do I'aH dt h&Ur M. 
Darwin mut I'eleetion vatareUe, el i-'al tout 
nn : I'lin neat pua [ilna cbimeiique qn* 
I'uulm" (p. HI). 

And Ibis ia n'idly all that M. FlourenB CUi 
mukeor am u ml select iun. NTebavegiren tht 
otiglual, ill ft-ar Imt a Irunslati^m should be 
teguriicd ns a. travesty ; but wilh [be nri^^ioal 
before ilic rcniiur, we may try to analyze ttw 
pasBDge. "For an argauizcd liKing, Katura 
isonly organizaiion, neither more n'jr less," 

OrgniiiK'jd beinga then have abflulufely no 
rclatinn in inotganio nnluro ; a plant duo« 
not depend ou Bull or sunshine. I'llmato^ 
deplb in Ilie ocuau, height above it; the 
quantity of eatioD mailers in water have 
no inlluence upon unitnal life; liic buIi- 
BlilutioD of carbonic acid for oxygen in our 
atmui>phere would hurt noliody I That these 
are absurdities do one Minuld know be[t«' 
IhauM. iTlourenB; but Ibeyarulogicul deduc- 
tions from the nsserlion just quoted, and 
form the further statement Ihntniiturnl selec- 
tion means only that "organization eboosea 
and aelecla organization." 

For if it lie once admitted (what no aaoe 
man denies) that the cbanci^auf Ufo nf any 
given organiam are inereuspd by ceilain con- 
ditions (A) anddimiiiUhed by their oppusite* 
(Bj, then il U mulhematiudly certain Iliat any 
change itf conditlDna In 1ho direction of (AJ 
will exerciae a selective influence in favor ot 
that oTgaoism, lending to ila inc-iease and 
multiphcalinn, while any cliange in the di- 



ckshj nnd exlinclioo. 

Or, un Ihe other linud. coniillionB remaia- 
iDg Dili Eaioe, lei a Riveu orgiinisni vary (and 
no ruin <1 iiiMs iliaL lliey du yaiy) in two di- 
ic«ti<)ns: iiilu olia form (a) b«lltr fitted to 
cope with UiL'sa coodilitina Iban the original 
■lock, nnd n aecotul (A) k^s well udupted to 
thum. Thcii It iu nu iesa curlniQ Ikit Ihe con- 
ditionH ]u igiicsliun nust cxerdse n ei-Ieclive 
Influence in fuvor t>t ['tj and against </>), bo 
that {a) will luud to prcdumioiiDce, and w) to 
HXUriiatioli. 

Tlmt M. Flonrons Bliould bu nuablo to pcr- 
eeiTC lliu liigical ueceaeity of llieie liimplH 
argumcols tvhicli lie at Ilia fouuUntion of nil 
Jic. Datwin'a reiiaoniu^ : llitithealiouldcon- 
fouad un irrutrugihli) dL-dui;lloD from iLo ob- 
Hived lolnliuna of organiima to the candi- 
lians wliiuh lin aioiiua Iheu. with a nicia- 
plrfsicul " forma subatanliellc." or u cliimcrt- 
caf iiersonillL-ulioTi of liio pnwora ijf ualiirc. 
■would bo incrodible. were it not lliQt other 
■pBssngeB of bia wotk leave no loom for doubt 
npnii the subject. 

"On imi^iDO une ileatien tioIut^Ib qiie. 
pour plue de munagcnieni. ou me dit eire 
ineoneeienie. sans s'opercevoir quo le wimtre- 
Aeua lilleral est ptl«iacmeut la : Sieetion iti- 

" J'ni dSjS dIt re qii'il fmilpetiBer de I'Slee- 
lu nalurelle. On I'keetton nalurelle n'eet 
^if n, on c'cat In natiire : mais la usture donee 
d'S'elioii. RiaiB la niilnre persouniflee ; der- 
Didrueneurdu ducuicr aiecle : Le xix na fait 
plua de personnificulioDB" (p. 53). 

M. Flourena cunoot iuiii)ptie bd nncnn- 
Bcious Releijlinii — it iafur liim acantrndiL-tinn 
in teinis. Dit! M. Pluurtns ever visit one of 



will probab'y have passed llirouirh tbe dietrict 
of the Landes. and will have had an oppor- 
tunity (if observing the furmaliun of 
" duaes" on n graiid Acalc. What are Iheae 
" dunea 1'' The winds and waves of Ihe Bay 
of Biscay have not njueb conscioiifcnesa, and 
yet they have with great caro "ai^lecled," 
from nuiuug an intiaity of masses of siiex of 
all Bbapea and BJzea, which have been aub- 
mltted to their action, all the gmiiia ot sand 
below a ccTlaln size, and have heaped tbem 
by Ihemseivea over a great area. This aand 
has beeu " unconaciouaiy aelectcd" from 
amid the ^avel in which it flrat lay with as 
much precision as if loan had " consciously 
Hclected" it by Iba aid of a sieve. Physical 
geology is [nil of such aeleclions — of the picfc- 
inj; out of tho soft from the hard, of the sol- 
uble from Ihe insoluble, of the fusible from 
tbe infusible, by nutiirnl ugencies to which 
vo are certainly not in Ibo habit of ascribing 



illu»tration ; or, on Ihe other hand, as If the 
inielljgcncf of ii gartlcnor Lad been operative 
in cutting the weaker or^nisms down. The 
thistle, which has spread over Iho pampas, 
to tlie dcatrnclinn of native plants, has Ijeun 
more cffecluidlv "EelEfled" by Iho imcon. 
Bi^inus operation of uuUiinl conditinna than 
if a thousand ugricuUurislH had spent Ibelr 
lime iu aowing it. 

It is one of Mr. Darwin's many creat scr 
vices to biological adenco Ibntlichaa dem 
unsliuled the aignificunco of these taota. 
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But that wbicb wind and aeaaretoa aundy 
beach, the suin of influences, which we term 
the "conditions of existence," is to living 
organiaraa. The weak are sifted out from 
Uio strong. A frosty night " aclecls" the 
bardy plaula in a piuntalion from among the 
tender ones aa cffcclually as if it were the 

' id, and tliey, the sand and pebbles, of our 



I'hnngo of cnndLtloUH— tbe inevitable 
result ia the excrdso of BUtli tin influence 
upon organisms that ono ia helped and 
anollicr ib impeded; ono Ifnda to predomi- 
nate, unolber 10 disappear ; and tliualhe liv- 
ing woitd bears wilbiu Iteclf. and is sur 
rouuded by impulaea toward InceEsant 
cbange. 

But tlio iruttiB just stated ate as certain u 
any other physical Inws, quile indepcndendy 
of tbe tnilh, or fHlsehowl, of Ihe lij polhesis 
wbith Hr. Darwin has bused upon thcro i 
and ibnl M. Flosreiia, miasing thu BuliKtance 
and grasping at a^hadow, should be blind to 
Iho ndinirubla cxpoaition of them, which Mr. 
Darwin has given, and aee nothing iheie but 
a " derniero erreiir du dernier aiScle — s per- 
soiiilirutioa of nature — leads us indeed lo err 
with him : O lucidity 1 Uaoliditf del'capitt 
Fran^aia, que dcvenez-vous I 

M. Flourena ban. in fact, iiltevly failed to 
comprehend Ihe first piinciplcs of Ihe doc> 
trine widch he assoila ao rudely. Hia objec- 
tions to details aiu of the old aoi t, so battered 
and hackneyed on this side of Uie Channel 
that not even n Qonrlerly Reviewer could bo 
induced to pitk them up for the purpose ot 
pelting Mr, Darwin over agiiin. We baVB 
Cuvier and tho mummies ; M. Itoulin and 
Ihe dcmesticated animals of America; tha 
difllcultiefl prcseiiled by hybridism and by 
paleeontology ; Darwinism a rifateiamento of 
Do Maillet and Lamarck ; Darwinism a sya- 
lem without a commencement, aud its author 
bound to believe in >1. Poucbet, elc, etc. 
Mow one knows it all by heart, and with 
what relief one reads at p. 05, 

" Jo laiase M. Dnrwin 1" 
But we cannot leave M. Flourena wilhont 
eal ling our reader's allenlion lo his wonder- 
ful tenth chapter, " De la i'reexistence dea 
Germes et do I'Epigfoese, which upeos 

" Bpnntaneona genernlion is only a thi- 
tnera. This poinleslabliHlied, two hypoiheaua 
remain — that of pre-exisienct aud that of epi' 
gen^git. The one of these hypotheeea has M 
little foundation as ihe other {p. 163). 

" The diJi;irine ai epige.nem is derived from 
Harvey : following by ocular iuspnction tbe 
devel<>pment of the new lieing in Ibe Wind- 
sor does, ho saw each part appear succeaa- 
ively. and taking the moment of appearanoi 
for the moment of formation he imagined 
■- <P. 165.) 
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d'un eoup\ as n whole instantaneously ; it Is 
cot formed part by part, and ut diftcrent 
times. It is formed at once : it is formed at 
the single individual moment art which the 
coDJnnciion of the male and female elements 
takes |:)lace/' 

It will be observed ttiat M. Floiirens uses 
language whicii cannot bo mistaken. For 
him, the labors of Von Baer, of liathke, of 
Cosie, and their contemporaries and succes- 
»orH in Germany, France, and England, are 
no^-cxistenl ; and, as Darwin *' irna{^na'* 
natural feleciion, so Harvey **2*mfl^iV/a" that 
doctrine which gives hiui an ercn greater 
claim to the veneration of posterity than his 
belter-known discovery of the circulation of 
the blood. 

Language such as that we have quoted is, 
in fact, w> preposterous, so utterly incompati- 
ble with anything but absolute ignorance of 
some of llie bFSt established fucts, that wc 
^hoxild have ousscd it over in silence had it 



not appeared to afford some clew toM. Floa- 
rens's unhesitntinir, a priori, repui^iation of 
all forms of the doctrine of the progiessive 
modification of living l)eings. He whose 
mind remains uninfluenced l>y an acquaint- 
ance with the phenomena of development 
mubt indeed lack one of th« chief motives 
toward tlie endeavor to trace a genetic rela- 
tion between the different existing forms of 
life. Those who are ignorant of geology 
find DO difiiculty in believing that the woild 
was made as it is ; and the shepheid. un- 
tutored in history, sees no reason to re^^ard 
the green mounds which indicate the site of 
a Roman camp as aught but part and parcel 
of the primeval hillside. So M. Flourens. 
who believes that embryos are formed ** tout 
d'un coup." naturally finds no difficulty in 
conceiving that species came into existenoe 
in the same way. 

THE END. 
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01! THE PHYSICAL BASIS OF 
LII-E.* 
Ix order to make the title of this dis- 
burse generally intelligible, I have trans- 

* The sulistance of this puiier was eou- 
taincd ill a discourse which viaa delivered in 
£iiinbiir^liimlheeveiiiii!;of Simdnv. Ihe 8Ili 
of Nrt'ember. 1B68— hHing Ihe flrstof a senea 
of Sunday c7enio<; addres^a uniio onn-tlico- 
logital topiea. iuECituled bvlheRev. J. Cnin- 
llTOOk. Some piiraaes, which cnulil poN3i:as 
only B transitory and local Interest, have 
boen Mnltled ; instead of the u3w?riaiieT re- 



lated the term " Protoplasm," which is 
the aoientitie name of the substance of 



ijmited ; and I have, here and tliere. c 
ored to express my meaning more Fully and 
cieatlr than I seem tu hAve done in speaking 
— if Tmay judge hy unndry critlclHms upon 
what I nm Bupposed lo have said, whieh 
have appeared. But in substance, and, so far 
□s my rccollcctloti serves, ia form, what is 
liera written corresponds with what was 
there eaid. 
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ffliit^Ii 1 uni tthoiil to speak, li_v thp words 
" the pliysicul btui» of life."' 1 BopjioBc 
ihat. to mtiny, the idea that llicro is each 
a thing as a physical bflEiB, or loatter, of 
life may be novel — bo widely spread is ilie 
conception of life m a soinething wliicli 
works through iiialter, but is indcp(.iid(.'nt 
of it ; nrd ercn thoso who are awiire llml 
matter and life are insepnrably coTinceled, 
may not be prepared for-lli'c ciinclnsioii 
plainly Biijigestod by the phrsw, " Me 
physical basis or matter of life." llmt 
there is some one kind of matter nhict la 
ftoinrnon to ml livin;^ 'Ucings, aim nut 
their endless diversities are bound to- 
gether by a physical, as well as un ideal, 
nnity. In fact, wlicn first apprehended, 
such a doctrine as thin uppeiirs almost 
shocking to common sense. 

What, truly, can seem to bo more ob- 
viously different from one another, in 
faculty, in form, and in substance, than 
[he various binds of living beings! 
What community of faculty can there bo 
between the brightly- colored lichen, 
which so nearly rosembioa a mere mineral 
incraatation of the bare rock on nliich it 
grows, and the painter, to whom it is in- 
atiact trith beauiy, or the botani.st, whom 
it feeds with knowledge i 

Again, think of the microscopic fun- 
gus — a mere iiilinitesimul ovoiil particle, 
which finis spa.'C iiiid (tnralion cnougli 
to multiply i:iu> <' .n.MUf^ iiiilliun.'t intlic 
body of II livi.i; 11; ; :i!id than of llio 
wealth of foliage, tlij l.ivuri.ii.ce of fiower 
:tnd fruil. tvliicli li<^s bcuvecn this bald 
sketch of a ])lant and tlic (jiant pine of 
OaliforniH, towering to tho dimensions of 
a cathcdnil spire, or tjio Indian fig, which 
covers acres with its profound shadow, 
ani endiu'cs while nations and empires 
come and go around its vast circum- 
ference. Or, turning to the other half 
• it the world of life, picture to yourselves 
iliu great Finnor whale, hugest of beasts 
that live, or have lived, disporting his 
eighty or ninety feet of hone, muscle, 
and blubber, witli easy roll, among waves 
in which tho stoutest ship that ever left 
dockyard would founder hopelessly ; and 
contrast him with tho invisible animal- 
c;iles — mere gelatinous specks, multitudes 
of wbicli could, in fac^ donee upon the 
point of ;l needle with the same ease as 
the angels of tho SchoohDen could, in 
im^iualion. With 



your minds, you may well ask. what 
community of form or structure is there- 
between the nnimaleulc rnd the whale ; 
or between tliR funijus and tho fig-ttee ! 
And. i/orliori, between !ill four! 

Finally, if we regnnl s^ibslanco, or 
material composition, what hidden bond 
can connect the flowcrwhich -igirl weW8 
in her hairiuid the blood wjiich counes 
through her yimlliful vcinn ; or what '» 
there in common liclwceii tho dense and 
resisting miias of the oak, or the HtrODK 
fabric of the toitoiKc, and those broad 
disks of gla-wy jnlly which may be seen 
pnkiting ilirongli the waters of a calm 
sea, but which drain away to mero fiitns 
in the hand whioh rniics them out of 
their element i 

Siii;Il objeetionaas I hone must, I think, 
ariie in the mind of every one who 
ponlers, for tlie Hrst time, upon the con- 
ception of a sin)j;li: physical basis of life, 
underlying all the diversities of vital ei- 
istCQce ; but I propose to demonstrate to 
you that, notwi; Islanding these apparent 
ditficultiea, a threefold unity — namely, a 
unity of powi^r or facnlty, a unity of 
form, and ii unity uf sub'.iantial oompo* 
sition — Jui'8 per\ iidc tha whole living 
world. 

>'o \ ery nbsl ruse argumentation is 
needed, i:i the Kivt place, to prove that 
tho powers or faculties of all kinds of 
living matter, dn'i-rsc as they may be in 
degree, are snlistanlially simdar in kind. 

Goelliu has condensed a survey of all 
tho powers of mankind into the well- 

" WunimtreilitalclidHsVolk sound acfandtt 
Es will sich ernSlircD. 
Kiuder zeugcn, uiiil die uuhrea so gut es 
veTini^. 



In phy.3io!ogical language this tneans, 
that all the multifarious and complicated 
activities of man are comprehensible 
under three categories. Either they are 
immediately directed toward the main- 
tenance and development of the liody, or 
they effect transitory cliiingcs in the rela- 
tive positions of parts of ilio body, or 
they tend toward the eontinuance of tiie 
!>peui<'». Even those manifestationfi a! 
intellect, of fi-.'iinir. imd of will, whfA 
\\c lightly iii.l:ii> the higher fucultios, pTft 



not excluded from thta cliissiticatiun, io- 
o^much as to every one but the subject 
of tlium, they are known only as tninai- 
tory cliangics in tho rebtivo positions of 
parts of tlio body. Speech, gcBturc, and 
every otliar form of IiuinaD action are, in 
tbe long ruri, rcBolvablo into niusicukr 
codtraction, and muscular contraction Ja 
bat a transitory change in tho relative 
poaitions of tho parts of a muscle. But 
the schcmo which is large enough to c»i- 
braco the activities of llio higlicst form 
of life covers ali those of the luner crea- 
tures. Tlio lowest plant, or animalcule, 
feeds, gro»s, and reproducos its kind, 
la addition, all animals manifest those 
transitory changes of form which wc 
class under irritability and contractility ; 
and it is more than probable that, when 
the vegetable world ia thoroughly ex- 
plored, we shall find ali pknts in posscs- 
ition of the same powers, at one time or 
' other of their existence. 

I am not now alluding to such phc> 
nomcna, at once ntrc and conspicuous, 
as those Qxhibitcd b} the leaflets of the 
uennitive plant, or tho Etainens of the 
barberry, but to much more widcly- 
sprcad, and, at tho same time, mote 
subtle and hidden, manifestations of 
T^etable contractility. Yoa are doubt- 
less aware that tho common nettle owes 
its stinging property to the innumtTablc 
stiff and needle-like, though exquisitely 
doltoat«, hairn which cover its surface. 
Each stinging- needle tapers from ii broad 
bsHe to a slender summit, which, though 
rounded at tho end. is of such micro- 
scopic fincnesB that it rcndily penetrates, 
and breaks off in, the akin. The whole 
hair consists of a very delicate outer case 
of wood, closely applied to the inner sur- 
face of which is a layer of semi-fluid 
TDattcr, full of innumerable granules of 
extreme minuteness. This aeini-fluid 
lining ia protoplasm, which thus consti- 
tutes a kind of bag, full of a limpid 
liquid, and ruughly corresponding in 
form with the interior of the hair which 
it fills. When viewed with a sufficiently 
high magnifying power, the protoplnHipic 
laver of the nettle hair is seen to be in a 
oondilion of unceasing activity. Local 
contractions of the whole thickness of its 
sabstanec pass slowly and gradnwlly from 
point to point, and give rise to fhe ap- 
pearance of progressive waves, just hs the 



bending of successive stalks of com by a 

breeze produces the apparent billows of 
n corn-lield. 

But. in addition to these movements, 
and independently of them, the giimiilcs 
are driven, in relatively rspid Ht'ums, 
tlirough channels in tho protoplmm nhirh 
seem to Iiavo a considerable Huiiiiint of 
persistence. Most commonly, the cur- 
rents in nJJHcent parts of the protoplasm 
take similar diroctiims ; and thus, there 
is a general stream Tip one siUt: of the 
hiilr and down tho other. But ihiR does, 
not prevent the existence of partial cur- 
rents which take diHeront route* ; and 
sometimes, truins of granules raHy be seen 
eonrsing bwiftly in opposite directious, 
within a tweaty-thousandtii of an inuh of 
one another ; while, occasionally, oppo- 
site Btrearas come into direct collision, 
and, after a longer or shorter strugglu, 
one predominates. The cause of ihes* 
currents seems to lie in contractioni oi' 
the protoplasm which bounds the chan- 
nels in which they flow, but which are sa 
minute tliat tho best microscopes shon 
oniy their eCeets, and not thomselvea. 

The ppectacle afforded by the wonder- 
ful onergips prisoned within the compaEt 
of the microscopic hair of a plant, nhicli 
wo commonly regard as a merely paasiv* 
organism, is not easily forgotten by oni 
who has watched its display, continued 
liour after hour, without pause or sign 
of weakening. The possible complexity 
of many otiier organic forms, seemingly 
as simple as tho protoplasm of the nettle, 
dawns upon one ; and the comparison of 
Bueh a protoplasm to a body with an in- 
ternal circulation, which has been put 
forward by an eminent physiologist, loses 
much of its startling character. Currents 
similar to those of the hairs of the nettle 
have been obsen-ed in a great multitude 
of very different plants, and weighty au- 
thorities have suggested that they proba- 
bly occur, in more or less perfection, in 
all young vegetable cells. If sneh be thd 
case, the wonderful noonday silence of a 
tropical foiest is, after all, duo only to 
tho dulncas of our hearing ; and could 
our ears eatch tho murmur of these tiny 
maelstroms, as they whirl in tho innu-' 
mcrablo myriads of living cells which con- 
stitute each tree, we should be stunned, 
as with the roar of a great city, 

Among the lower plants, ii '" the rola 
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ratber than the exception, tliat contrac- 
liiity aliould be still moru opcu]y mani. 
fcstcd at some perioda of tbeir exiatcnco. 
The protoplasm of Altjas and Funpi be. 
comes, under many circumutftnces, par- 
tially or eorapletely freed from its 
woody case, and exhibits movements of 
its whole mass, or ia propelled by the 
contractility of one or more liair-iiko 
prolongations of its body, which are 
called vibratilo cilia. And, so far as the 
conditions of the manifestation of the 
phenomena of contractility have yet been 
studied, ihcy are tlio same for tho plant 
as frir tho aniraal, Ifcat and eleetric 
shocks infliionco both, nnd in the same 
way, though it may bo in different de- 
grees. It is by no moans my intention 
to suggest that there is no diSerence in 
faculty between the lowest plant and tho 
highest, or between planta and iinimals. 
.But tho difference between the powers 
of the lowest plant or nuimal, and those 
of the highest, is one of degree, not of 
kind, and depends, as Milne lidwards 
lonf.* ago BO well pointed out, upon the 
extent to which tho principle of tho divi- 
sion of labor ia carried out in tho living 
economy. In the lowest oi^nism all 
parts are competent to perfonn all fimc- 
tiona, and one and tho same portion of 
protoplasm may successively take on the 
function of feeding, moving, or repro- 
ducing apparatus. In the higheat, on 
tho contrary, a groat number of parts 
combine to perform each function, each 
part doing its allotted sliare of tho work 
with great accuracy and efficiency, but 
being useless for any other purpose. 

On tho other hand, notwithstanding all 
the fundainentairosembluuees which eKiet 
between the powers of the jirotoplaam in 
planta and in animals, they present a 
striking difference (to which I shall ad- 
vert more at length presently), in tho fact 
that planta cau manufaetiiro fresh pro- 
toplasm out of mineral compounds, 
whereas animals aro obliged to procure it 
ready made, and hence, in tho long mn, 
depend upon plants. Upon what condi- 
tion this difference in tho powcra of the 
two great divisions of the world of life 
depends, nothing is at present known. 

"With anoh qualification as arises out 
of the last-mentioned fact, it may be 
truly said that the acta oE all living tbin?'^ 
are fundamentally ono. Is any such unitj 



predlcable of their forma f Let ns seel 
in easily verified facts for a reply to thi* 
question. If a drop of blood be draw 
by pricking one's finger, and viewed willi ■ 

E roper precautions and under a sufiiciDiilly 
igh microscopic power, there will 1« 
seen, .imong tne innumerable multitnjs 
of little, circular, discoidat bodies, ot 
corpuscles, wliicli float init and give 
color, a comparatively small number of 
colorless corpuscles, of somewhat lai] 
size and very irregular shape. If - 
drop of blood be kept at tho tcmpcratim 
of tlio body, those colorless corposcln 
will be neon to exhibit a marvellou 
activity, chantring their forms with g 
rapidity, drawing in and thrusting out 
prolongations of their suhstanee, and 
creeping about as if they were indepen- 
dent organisms. 

The substance which is thus active is ■ 
mass of protoplasm, and its activity dif- 
fers in detail, rather than in prin 
from that of tho protoplasm of^ tfii 
tie. Under sundry eircumstancea tiie 
corpuscle dies and hecomea distendol 
into a round mass, in the midst of whi«b 
ia seen a smaller spherical body, which 
exiated, but was more or less hidden, w 
tho living corpuscle, and is called iU 
nuclm*. Corpuscles of essentially simi- 
lar structure are to bo found in the skin, 
in the lining of tho mouth, and sea 
through the whole framework of tl» 
body. Nay, more ; in tho earlieet 
dition of the human organism, in tlat 
slate in which it has but just boooBM 
distingniahahlo from tho egg in wliich it 
arises, it is nothing but an a^regalion 
of such corpuscles, and every organ of 
the body was once no more than nuoh an 
aggregation. 

Thus u uncleated mass of protoplaam 
tarns out to bo what may be termed tho 
structural unit of the human body. A* 
a matter of fact, the body, in it« earUest 
state, ia a mere multiple of such uniB 
and, in its perfect condition, it is a mnl- 
tiplo of such units, variously modified. 

But does tho formula which espressc* 
tho essential structural character of the 
highest animal cover all tho rest, us the 
statement of its powers and faculties 
ered that of all others f Very neariy. 
Beast and fowl, reptile and fish, molliiM, 
worm, and polype, aro alt composed ol 
structural units of tho same cliamrtcri 



ssTncly, mnsses of protoplnsm with a 
nnclcua, Tliurc arc sundry very low ani- 
inaU, cacli of wliicli, structurally, U a 
mere colorlosB Mood-cuqtuBcIc, leading 
nn indcpemlont life, Bnt, nt tho very 
bottom of tho animal sciile, even tliia 
umpUcity becomes aimplilied, and all llio 
phenomena of life are mnnifested by a 
partielo of protoplasni ivitUout a nucleus. 
Nor are hucIi orgimisms int^ignificant by 
rcHson of tlieir want of complexity. It 
is A fair ijueation wiiethcr llio protoplasm 
of tlioM simplest forms of life, whieh 
people nn iuanenso extent of the bottom 
of tlic Ben, would not outweigh tliat of all 
the highcrUving beingB whicli inhabit tho 
land put together. And in ancient 
times, DO less than at tlic present day, 
anch living beings as these havo been tho 
greatest of rock bnilders. 

What has been said of the anima! world 
is no less true of plants. Imbedded in 
tliG protoplasm at tho broad or attached 
end of the nettle hair, there lies a sphe- 
roidal nucleus. Carofui examination fur- 
ther proves that the whole substance of 
tho nettle is made up of a repetition of 
Eueh masses of niiclcnted protoplasm, 
each contained in a ivoodon ease, ■which 
is modified in form, somelimca into a 
woody fibre, Homelimcs into a duct or 
spiral vessel, somelimca into a pollen 
grain, or an ovule. Traced back to its 
earliest state, tho nelllo arises as the man 
docs, in a particle of nucleated proto- 
plasm. And in tho loweat plants, as in 
the lowest animals, a single mass of such 
protoplasm way constitute tho whole 
plant, or the protoplasm may exist with- 
out a nucleus. 

Under these ciicnm stances, it may well 
be asked, how is one mass of non- 
nucleated protoplasm to be distinguished 
f(oni another ? ivhy call one " plant" ond 
the other " animal" ? 

Tho only reply is that, so far as form 
is concerned, plants and animals are not 
separable, and that, in many cases, it is 
a mere matter of convention whether wo 
call a given organism an animal or a 
plant. ""There is a living body called 
uBibahum sepficvm, which appears upon 
decaying vegetable substances, and, in 
one of its forms, is common upon the 
surfaces nf tan-pits. In this condition 
it is, to all intents and purposes, a fnn- 
gns, and formerly was always regarded 



as such ; bat the remarkable investiga- 
tions of De Bary have shown that, in 
another condition, the j£tkalium is an 
actively locomotive creature, and takes in 
solid matters, upon which, apparently, 
it feeds, thus cxTiibiting the most char- 
acteristic feature of nnimality. Is this a 
plant ; or is it an animal ? Is it both ; 
or is it neither ! Some decide in favor 
of the last supposition, and cstahlirh an 
intermediate kingdom, a sort of biolo- 
gical No Man's Laud for all these ques- 
tionable forma. But, as it is admittedly 
impossible to draw any distinct boundary 
line between this no man's land and the 
vegetable world on the one hand, or tho 
tiDimal on the other, it appears to mc 
that this proceeding merely doubles the 
difficulty which, before, was single. 

['rotoplasm, simple or nucleated, is the 
formal basis of all life. It is tlie clay of 
the potter ; which, bako it and paint It 
as ho will, remains clay, separated hy 
artifice, and not by nature, from the com- 
monest brick or sun-dried clod. 

Thus it becomes clear that all living 
powers arc cognate, and that all living 
forma aro fundamenlally of one chunic- 
ter. Tho researches of the chemist have 
revealed a no less striking unifoimilyof 
material composition in hviag mailer. 

In perfect strictness, it is true that 
chemical investigation can tell us little or 
nothing, directly, ef the composition of 
living matter, inasmuch as snch matter 
must needs die in the act of analysis — 
and upon this very obvious ground, ob- 
jections, which I confess seem to mo to 
be somewhat frivolous, havo been raised 
to tho drawing of any conclusiona what- 
ever respecting the composition of actu- 
ally living matter, from that of the dead 
matter of life, which alone is accessible 
to us. But objectors of this class do not 
scorn to reflect that it is also, in strict- 
ness, true that wc know nothing abont 
tho composition of any body whatever, 
as it is. The statement that a cirstul of 
calc-Epar consists of carbonate of lime, is 
quite true, if wc only mean that, by ap- 
propriate processes, it may bo rcsolvod 
into carbonic acid and quicklime. If 
you pass the same carbonic acid over the 
very quicklime thus obtained, ydn will 
obtain carbonate of lime again ; but it 
will not be ealc-spar, nor anything like 
it. Ccu it, liiercforc, be said that 
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chemical aiuilysiB teaclics nothing about 
the clicmical corapositiou of culc-spitr ! 
Such n sLttcmciit wouid be nbsurd ; but 
it is hardly more no than tlic talk unc 
occnsionnlly hears about the usckitsnesB 
of applying ihc rcsnlts of cliomical nnaly- 
ais to tliu livinfi bodies which have yield- 
ed thtitn. 

One fact, nt any rate, is out of rBor.h 
of Buch refinements, and this is, tli^tl all 
the fomis of protoplasm ^vliich hare yet 
been examined contain the four elements, 
carbon, liydrogen, oxygen, and nitrogen, 
in very complex nnion, and that they be- 
have similarly toward several reagents. 
To this complex combinijtion, tho nalure 
of which hds never been determined with 
exactnuss, the name of Protein has been 
applied. And if we use- this term with 
■uch caution as may properly ariso ont of 
our comparativo ignorance of the things 
for which it stands, it may bo truly said 
that all protoplaEm is proteinaceons ; or, 
as the white or albimion of an egji is 
one of the commonest examples of a 
nearly pure proteiiio matter, wo may say 
that all living matter is more or less al- 
buminoid. 

Perhaps it would not j"ct bo safe to say 
that ail forms of protoplasm arc aSccted 
by the direct action of cleutric ahoeks ; 
and yet the number of cases in wliicli 
tbc contraction of protoplasm is shown to 
bo efiectud by this agency incrciiacs every 
day. 

Nor can it bo alStmcd with perfect 
confidence that ail forins of protoplasm ' 
are liable to undergo that peculiar coagn- 
laiion at a temperature of 40''-50° centi- 
grade, which has been called " hcat- 
stiHeaing," though Kcihne's beautiful 
researches have proved this occnrrenee to 
take place in so many and audi diverse 
liking beings, that it is hardlyrash to ex- 
pect that the law holds good for ail. 

E:nJiigli has, perhaps, been said to 
pruyc tiie existence of a general nnifor- 
inity in the character of the protoplasm, 
or physical basis, of life, in whatever 
group of living beings it may be studied. 
]5nt It will be understood that this gen- 
cr.il uniformity by no means excludes 
atiy amount of spcci.il modifications of 
tho fnnilamental substance. The min- 
cr:d carbonate of limo assumes an tm- 
jiKusc diversity of characters, though no 
"o doubts that, under all these protean 
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changes, it ia one and the Bamc thing. 

And now. what is the nltimate latfl, 
and what the origin, of llie matter of 
life ) 

Is it, as some of the older natnralists 
supposed, diHused Ilirougliout the uni- 
verse in inolecules, which arc indcstnicii- 
blcand unchangeable in themselvea ; but, 
in endless tranamigralion, unite in innu- 
merable permutations, into thodix-erBiiiod 
forms of life we know ! Or is I bo mat- 
ter of life composed of ordinarj- niutler, 
differing from it only in the manner 
which its atoms arc aggregated f Is it 
built up of ordinary matter, atiil again 
resolved into ordinary matter when its 
work is done f 

Modern science does not hesitate a mo- 
ment between these nllernalivcs. Physi- 
ology writes over the portals of life — 

" Debemur racili nos noBlniiiue," 
with ft pro found or meaning than the 
Roman poet attached to that melancholy 
line. Under whatever di^uise it takes 
refnge, whether fnngns or oak, wonfi or 
man, the living protoplaBm not only ulti- 
mately dies and is resolved into its min- 
ersl and lifeless constituents, but ts 
always dying, and, strange as the para- 
dox may sound, could not live unless it 
died. 

In the wonderful story of the " Pcaa 
do Chagrin," the hero becomes possessed 
of a mngieal wild ass' skin which yields 
him the means of gratifying all Ms 
wishes. But its surface represents the 
duration of the proprietor's life ; and foi 
every satisfied desire the skin shiinka in 
proponion to the intensity of fruition, 
until at length life and the last hand- 
breadth of the i>eau de chafp'm disappear 
with the gratification of n last wish. 

Balzac's studies had led him over a 
wide range of thought and speculation, 
and his shadowing forth of physiologioat 
truth in tliis strange story may have boos 
intentional. At any rate, tlie matter ol 
life isaveritable/ffau de ekaprin, and foi 
every vital act it is somewhat the smaller. 
All work implies waste, and the work of 
life reanlts, directly or indirectly, in thf 
waste of protoplasm. 

Every word uttered by a speaker cost* 
him some physical loss ; and, in thf 
strictest sense, he bums that— iher maj 
have liijlit — so much clotiucnce, bo muu 
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ot his body resolved into carbonic acid, 
water, lUid urea. It ia clear that this 
process of expenditure cannot go on for- 
ever. But, happily, the protoplasmic 
peau de chagrin differs from Balzac's in 
its capacity of being repaired, and brought 
back to its full Mze, after every exertion. 

For example, this present lectara, what- 
ever its intellectual worth to yon, has a 
certain physical value to mc, nliich is, 
concBivaoly, expressible by tlie number 
of grains of protoplasm and otlicr bodily 
snbstanco wasted in roaintaining my vital 
processes during its delivery, Wy jieau 
de chagTin will bo distinctly snuilicr at 
tho end of ttio discourse than it was at 
tho beginning. By and by, I shall pro- 
bably have recourse to tlio Bubstimce com- 
monly culled mutton, for tho purpose of 
stretching it back to its original size. 
Now tbisrautton was once the living pro- 
toplasm, inoroorless modified, of another 
Animal — a sheep. As I sliall cat it, it is 
the Baiiic matter altered, not only by 
deatli, but by exposure to sundry arti- 
ficial operations in tho process of cook- 
ing. 

But these changes, whatever bo their 
extent, have not rendered it incompetent 
to resume its o)d functions as matter of 
life. A singular inward laboratory, 
which I possess, will dissolvo a certain 
portion of the modified protoplasm ; the 
solution so formed will pass into my 
veins ; and the subtle inlluences towhich 
it will then be subjected will convert the 
dead protoplasui into living protoplasm, 
and transubstantiate sheep into man. 

Nor is this all. If digestion were a 
thing to be trifled with, I might sup upon 
lobster, and the matter of life of the 
cruslHCcan would undergo the same won- 
derful metamorphosis ' into humanity. 
And were I to return to ray own place by 
Bca, and undergo shipwreck, the cruatncea 
might, and probably would, return tho 
compliment, and demonstrate our com- 
mon nature by turning my protoplasm 
into living lobster. Or, if nothing better 
were to be had, I might snpply my wants 
with mere bread, and I should find the 
protoplasm of the wheat-plant to be con- 
vertible into miin, with no more trouble 
than thst of the sheep, and with far less, 
I fancy, than that of Iho lobst( r. 

Ilcnco it appears to be a miilt< r of no 
great moment what uniniid, or »l.iapliiut, 



I lay under contribution for protoplasm, 
nnd tho fact speaks volumes for the gen- 
eral identity of that subslBncc in all liv- 
ing beings. I share this catholicily of 
assimilation with other animals, all t.f 
which, so far as we know, could thrive 
eijually well on the protoplasm of any of 
their fellows, or of any plant ; but here 
the assimilative powers of the animal 
world cease. A solution of smelling-salts 
in water, with r.n infinitesimal proportion 
of some other Fsline matters, contains all 
the elementary bodies which enter into 
the composition of protoplasm ; but, us 
I need hardly say, a hogshead of that 
fluid would not keep a hungry man from 
starving, nor would it save any animal 
whatever from a like fate. An animal 
cannot make protoplasm, but must take 
it ready-made from some other animal, 
or some plant — the animal's highest feat 
of constnictivo chemistry being to convert 
dead protoplasm into that living matter 
of life which is appropriate to itself. 

Therefore, in seeking for the origin 
of protoplasm, we must eventnally tum 
to the vegetable world. Tlio fluid con- 
tuining carbonic acid, water, and ammo- 
nia, which oScrs such a Barmecide feast 
to the animal, is a table richly spread to 
multitudes of plants ; and, with a due 
,supply of only such materials, many a 
plant will not only maintain itself in 
vigor, but grow and multiply until it has 
increased a million-fold, oramillion mill- 
ion-fold, tho quantity of protoplasm 
which it originally possessed ; in this 
way building up the matter of life, to an 
indefinite extent, from the common mat- 
ter of the universe. 

Thus, the animal can only raise the 
complex substance of dead protoplasm to 
the higher power, as one may say, of liv- 
ing protoplasm ; while the plant can 
raise the less complex substances — car- 
bonic acid, water, and ammonia— to the 
same stage of living protoplasm, if not 
to the same level. But the plant also 
has its limitations. Some of the fungi, 
for example, appear to need higher com- 
pounds to start with ; and no known 
plant can live upon the uncompounded 
elements of protoplasm, A plant sup- 
plied with pure carbon, hydrogen, oxy- 
gen, and nitrogen, phosphorus, sulphur, 
and the like, would as infallibly die as 
the animal in his bath of smell ing-salt^i 



thonij-Ii it wonld bo niirronnd:'il by nl! tho 
(ionstitiiunta (if prntoplaBiii. Nor, indoeJ, 
iieeilUicproceaaof eimnlification of vege- 
table food be carried bo far as this, in 
order to nrrivo nt the limit of tho plant's 
thaumatai^y, liCt water, carbonic ncid, 
and all the other needful constituents bo 
jBupplicd with ammonia, and an ordinary 
plant will still be unable to manufantnru 
'protoplasm. 

Thas llio matter of life, so far as wo 
know it (and wo have no right to specn- 
latfi on any other), breaks up, in conse- 
quence of that continual death nliich is 
tka condition of its manifesting vitality, 
into carbonic acid, water, and ammonia, 
which certainly possess no properties but 
those of ordinary matter. And out of 
these same foniis of ordinary matter, and 
from none which are simpler, the vege- 
tablo world builds up all tho protoplasm 
which keeps tho animal world a-going. 
Plants are the accumnlators of the power 
which animals distribute and disperse. 

But it will bo observed, that tne exist- 
cnco of the matter of Ufe depends on the 
pro-existence of certain compounds ; 
namely, carbonic acid, water, and am- 
monia. Withdraw any one of thcKO 
llireo from the world, ami all vital phe- 
nomena come to an end. They arc re- 
lated to the protopUsm of the plant, aa- 
the protoplasm of the plant is to that of 
tho animi-l. Carbon, hydrogen, o.vygou, 
and nitrogen are all lifeless bodies. Of 
those, carbon and oxygen unite, in cer- 
tain proportions and under certain con- 
ditions, to give rise to carbonic acid ; 
hydrogen and oxygen prodncc water ; 
nitrogen and hydrogen give tiso to ara- 

' monia. These now compounds, liiie the 

elementary bodies of which thoy are com- 

I posed, are lifeless. But when they are 

brongiit together, under ccrtHin condi- 
tions they give rise to the still more com- 
plex body, protoplasm, and this proto- 
plasm onhibits the phenomena of life. 

I see no break in this series of steps in 
molecular complication, and I am unable 
to understand why tho language which is 
applicable to any one term of the series 
may not he used to any of tho others. 
We think fit to CidI different kinds of 
matter carbon, oxygen, hydrogen, and 
nitrugen. and to speak of tho various 
powers and activities of those Giibstancos 
properties of the matter of which 
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they aro composed. 

When hydrogen and oxygen aro mixoiJ 
in n certain proportion, and an olcctric 
apork is passod through them, Uiey dis- 
appear, and a quantity of water, equal in 
weight to tho sum of their weights, ap- 
pears in their place. There is not tlic 
slightest parity beti^een tho passive and 
active powers "of tito -^ater and those of 
tho oxygen and hydrogen which havo 
given rise to it. At 32° Fahrenheit, and 
far below that temperature, oxygen and 
hydrogen are elastic gaseous hodien, 
whoso particles tend to rnsh awav from 
one another with great forte. Water, 
at tho same temperature, is a strong; 
though brittle solid, whoso particles tend 
to cohere into definite genmetrieal shapes, 
and sometimes Iniild up frostv iniiiations 
of tho most complex fonns of vegetable 
folingo. 

Nevertheless wo call these, and many 
other strange phenomena, the properties 
of tho water, and we do not hesitate to 
believe that, in some way or another, 
they result from the properties of the 
component elements of the water. We 
do not assume that a Homelhing called 
" aquosity" entered into and took pos- 
Bcsaioj of tho oxide of hydrogen as soon 
as it was formed, and then guided the 
aqueous particles to their places in tho 
facets of the crystal, or among the leaflets 
of tho hoar-frost. On tho contrary, wo 
lire in the hope and in tho faith that, by 
the advance of molecular physics, wo shall 
by and by be able to sec our way ns 
clearly from the constituents of water to 
the properties of water, as we are now 
able to deduce tho operations of a watch 
from the form of its parts and the manner 
in which they are put together. 

Is the case in any way changed when 
carbonio acid, water, and ammonia dis- 
appear, and in their place, under tho in- 
fluence of pre-existing living protoplasm, 
an equivalent weight of the matter of lifs 
makes its appearance 1 

It is true that there is no sort of parity 
between the properties of the components 
and the propertioa of the resultant, but 
neither was there in the case of the 
water. It is also tnie that what 1 have 
spoken of as tho inftuencoof pre-existing 
living matter is somelhing quite unintel- 
ligible ; hut does anybody quite compre- 
licn^ the modiit operandi of an electric 



spark, which traverses a mixture of oxy- 
gen and hydrogen i 

AVliat justification is there, then, for 
the asaumption of the existence in the liv- 
ing matter of a something which has no 
representative, or correlative, in tlie not 
living matter which s^ve rise to it ! 
What butter philosophical Etatns has 
'■ vitality" than" aquosity" ? And why 
shonld " vitality" liopo for a better fate 
timn the other " itys" which have disap- 
peared Binco MartinusScriblenis account- 
ed for tho operation of the meat-jacic by 
ita inherent " meat-ronsting (jiiality," 
and Bcomed the " materialism" of tliose 
who explained the turning of the spit by 
a certain mechanism worked bv the 
dnuLght of the chimney ! 

If scientific language is to possess a 
definite and constant signification when- 
ovftr it is employed, it seems to mo that 
we are logically hound to apply to the 
protoplasm, or physical basis of life, the 
same conceptions as those which are hold 
to be legitimate elsewhere. If the phe- 
nomena exhibited by water are its proper- 
ties, BO are those presented by protopliism, 
hving or dead, its properties. 

If tho properties of water may ho pro- 
perly said to result from the nature and 
diaposition of its cumponcnt molecules, I 
«n find no intelligible gnnind for refus- 
ing to say tiiat the properties of pro- 
toplasm result from the nature and dis- 
position of its molecules. 

But I bid you beware that, in accept- 
ing these conclusions, you are placing 
yonr feet on the first rung of a ladder 
Vhich, in most' people's cslimBtion, is tho 
TBTcrsc of Jacob's, and leads to the anti- 
podes of heaven. It mav sccni a small 
tbiug to admit that the dull vital actions 
of a fungus or a foraminifcr arc the 
properties of their protoplasm, and arc 
the direct rcsnlts of the nature of tho 
matter of which they are composed. But 
if, as 1 hnve endeavored to prove to you, 
tticir protoplasm is esFcntially identical 
" with, and most readily concerted into, 
that of any animal, I can discover no 
logical halting-plaec between the admis- 
sion that sneh is the case, and the further 
concenion that all vital action may, with 
oqnal propriety, be said to bo the result 
of the molecniar forces of ihc protoplasm 
which difplays it. And if ho, it must be 
tree, in the same sense and to the same 
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extent, that the thoughts to which I am 
now giving utterance, and your thoughts 
regarding them, are the expression of 
molecular changes in that matter of life 
which is the source of our other vital 
pho. 



Past experience leads me to bo tolerably 
certain that, when the propositions I have 
JHst placed before yon are accessible to 

Iiublic comment and criticism, they will 
10 condemned by many zealous persons, 
and perhaps by some few of the wise and 
thoughtful. I should not wonder if 
" gross and brutal materialism" were tho 
mildest phrase applied to them in certain 
quarter's. And, most undoubtedly, the 
terms of tho proposiiions are distinctly 
matcrialtatic. Nevertheless two things 
are certain : the one, lliat I hold the 
statements to be snbstanlialiy true ; tlio 
other, that I, individually, am no mate- 
rialist, but, on llie contrary, believe ma- 
terialism to involve grave philosophical 

This union of materialistic tenninology 
with tho repudiation of matcrialislic phi- 
losophy I share wilb some of the most 
thoughtful men with whom I am ac- 
[juuiulcil. And, when I first undertook 
to deliver tho present difcnnrse, it ap- 
pc;ircd to mo to be a fitting opportunity 
to explain how such a. union is not only 
consistent with, but necessitated by, 
sound logic. 1 purposed to lead you 
through the territory of vital phenomenil 
to tho materialistic slough in which yon 
find yonrselves now plunged, and then to 
point out to you the sole path by whicl^ 
in my judgment, extrication is possible, ■ 

An occurrence of which 1 ivas unaware 
until my arrival here last nicht renders 
this tine of aigoraent sjngnlarly oppor? 
tune. I found in your papers the elo- 
quent address " On the Limits of Philo^ 
sophical Inquiry," wliich a distinguished 
prelate of tho English Church delivered 
before the members of tho Philosophical 
Institution on tho previous day. My 
argument, also, turns upon this very point 
of the limits of philosophical inquiry ; 
and I cannot bring out my own viows 
better than by contrasting them with those 
BO plainly and, in tho main, fairly -statod 
by the Archbishop of York. 

But I may bo permitted to make a 
proliminary comment upon an occurrence 
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that greiiUy attnnishcd me. Applying 
the rmmo of tl.o " New Philosophy" lo 
that c^LiiDalo of tlio limiU of philoao- 
phit^nl iiKjtiiry which I, iti coinnioii wilL 
many uLhor men uf science, hold to be 
just, the urchtiialiop opens hisaddrcas by 
identifying this" New Philosophy" with 
the Positive Philosophy of M. Comto (of 
whom he spcatsaa its " founder") ; iind 
thuti proceeds lo Attack iLat philosopher 
uiid Lis doctrines vigorously. 

Now, so far as 1 urn concerned, llic 
most reverend prelate might dialectically 
hew M. C'omtu in pieces, as a modern 
Agog, and 1 should not attempt to stay 
his hand. In so far as my study of what 
specially characterizes the Positive Philo- 
sophy has led me, I find therein little or 
nothing of any scientific value, and a 
great deal which is as thoroughly antago- 
nistic to the very essence of science as 
anything in ultramontane Catholicism. 
In fact, M. Comte's philosophy in prac- 
tice might be compendiously described as 
Catholicism minrM Christianity. 

But what has Comtiscn to do with the 
"New Philosophy," as the archbishop 
defines it in the following passage ! 

" Let me briefly remind you of Ihe leading 
principtea of llila new pliilosupliy. 

"All knowledge is experieuee <if facts 
aequiicil by the aeuaes. The traditions of 
older pliilosopUies have obscured our espe- 
rienee by mixiai; witli it much that tbe sfrnees 
cannot observe, ami until thtaie ailililions are 
diacnriied our knowledge is impure. Thus 
metaphysics tell its lliat one fact wliieli we 
observe is a cause, unil another is tlie eScct 
of tliut cmiss i but, upon a rigid analysis, we 
flod that uur senses observe nolbing ol cause 
oreffect : tliey observe, flrst, that one fact 
■ucceeda auntlier.and .after aiinio opporlunlty, 
that tills fact has never fiiiled to fallow— 
that for cause and effect we Hbouhl Rulisli- 
tutu invarlikblu sueceaHina. An older pliiloa- 
ophy teaches us to dcUnc an ol)Ject by dis- 
tinguisliiug its essential from its Hcciiiental 
quitlllles: but experience knows uetliingut 
essenlial and accidental ; she sees only tbut 
cetlaln marks attach lo an object, imd, after 
many ohservalioua, that aomo of Ihetn allach 
inrarlably, while others may at times be ab- 
sent. . . . As att knowledge is relative. Ibe 
notion of anytliing being necessary must be 
banialied with other Itadiliona." * 

There is much hero that expresses the 
spirit of the " New Philosophy," if by 
that term be meant the spirit of modem 

• ■■ The Limits of Pliilosoi)hical Inquiry," 
pp. 4 and 5. 



science ; but I fiannot hut marvel th ' 
the assembled wisdom and leaniinfj . 
Edinburirh should have uttered no Ki^>> 
of dissent, when Comto waa declared t-i 
bo the founder of these doctrines. No 
ono will acetidc Scotchincti of habitually, 
for^tting their great cnuntrvnien ; bub 
it was enough tu make David lluinc liitii 
ill his grave, that here, almost within i:ar- 
shot of his house, an instructed audii-iicu 
should have listened, without a murmur, 
while hia moat ehariict eristic doctiinca 
were attributed to a French writer of 
'fifty ycara later dalo, in whoso dreary and 
verbose pages wo miss alike the (ig>ir of 
thought and iho exquisite cleamoKs'of 
stylo of the man whom I make bold to 
term tho most acute thinker cf tUo 
eighteenth century — even though that 
century produced Kanl. 

But I did notcomoto Scotland lo vin- 
dicate the honor of one of the greatest 
men aho has over prodnced. My busi- 
ness is to point out to you that the only 
way of escape out of the crass inaterial- 
mn in which wo just now lauded, i« llto 
adoption and ttrict working-out of tho 
very principles which tho archbishop 
holds up to reprobation. 

Let us suppuFO that knowledge is abso- 
lute, and not relative, and therefore, that 
our conception of matter represents that 
wliich it really it. Let us suppoac, fur- 
ther, that wo du know more of cause and 
effect than a certain definite order of snc- 
cesnion among facts, and that wo liavo a 
knowledge of tho necessity of that snc- 
cession — and hence, of necessary laws — 
and I, for my part, do not see what es- 
cape there is from utter materialism and 
neccssarianism. For it is obrioua tluit 
our knowledge of what we call the ma- 
terial world is, to begin with, at least its 
certain and definite as that of the fpiiit- 
ual world, and that our acquaintance 
with law is of as old a date as our knowl- 
edge of spontaneity. Further, I t:iko it 
to bo demonstrable that it is utterly im- 
possible to prove that anything whatever 
may not bo tho effect of a material and 
necessary cause, and that human logic is 
equallv incompetent to prove that any net 
is really apontaneous. A really sponlano- 
ous act is one which, by the assumption, 
has no oansc ; and the attempt to provo 
Buoh a negative as this is, on the face of 
tho matter, absurd. Andvhiloitis lIiiu 
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!« philosophical impossibility to demon- 
stmte ttat any given phenomeaon is not 
tlie cffiiJL't of a material chuso, nay ono 
who is flciniainled wich the history of 
science will admit, tb&t Us projrress has, 
in All ages, muant, aid now, more than 
ever, meuns, the cxtenaioh of the prov- 
inuo of what wo call matter and cauna- 
tion, and tbo concomitant gradnal lian- 
ishmenc from all rcfjions of human 
thought of what wo call spirit and spon- 

_I havo endeavored, in the first part of 
this diacoorse, to give you n conception 
of tho direction lomard which Jiiodcrn 
physiology is tending ; and I ask you, 
what is the difference between the con- 
ception of life as the product of aceitain 
disposition of material moleculea, and 
the old notion of an Archajna governing 
and directing blind matter within each 
living body, except this— that liPre. as 
elsewhere, matter and law havo devoured 
spirit and spontaneity J And as enrcly 
as every future grows out of past and 
present, so will tho physiology of tho 
fnturo gradually extend the realm of mat- 
ter and law nnlil it is co-extensivo with 
Inowledgo, with feeling, and with action, 
Tho consciousness of this great truth 
weighs like a nightu.aro, I believe, upon 
many oi the best minds of these days. 
They watch what they conceive to be tho 
progress of muteriulism, in such fear and 
powerless anger as a savage feels, when, 
during an eclipse, the great shadow creeps 
- over tho face of tho sua. The advancing 
lido of matter threatens to drown their 
souls ; tho tightening grasp of law im- 
pedes their freedom ; tliev arc alarmed 
lest man'^moral nature he debased by the 
increase of his wisdom. 

If the "New Philosophy'' be worthy 
of tho reprobation with which it is visit- 
ed, I confess their fears seein to mo to be 
well founded. While, on the contrary, 
coald David Iliime be consulted, I think 
lio wonid smile at their perplexities, and 
chide them fur doing even as tho heathen, 
and falling down in terror liefoio the 
hideous idols their own hands have 
raised. 

For, after all, what do we know of 
this terrible " matter," except aa a name 
for the unknown and hypothetical cause 
of states of our own consciousness J 
And wiiat do wc know of that " spirit " 



over whose threatened extinction hy mat- 
ter a great lamentation is arisin;;, like 
that which was heard at the death of I'aa, 
except that it is also n name for an un- 
known and hypothetical cause, or condi- 
tion, of states of consciousnets i In 
other words, matter and spirit are but 
names for the imaginary substrata of 
groups of natural phenomen.i. 

And wiiat is tho diro necessity and 
" iron" law under which men groan ! 
Truly, most gratnitously invented bug- 
bears. I sapposu if thf'ru be nn " iron" 
law, it' is that of gravitation ; and if 
there be a physical necessity, it is that a 
stone, unsupported, must fall to the 
ground. Butwhatisall wo really know, 
and can know, about tho latter pheno- 
menon ! Simply, that, in »!! human ex- 
perience, stones havo fallen to the ground 
iinderthcsoconditiona ; thatwc have not 
the smallest reason for believing that any 
Btuno so circumstanced will not fall to 
the ground ; and that wo have, on tho 
contrary, oveiy reason to believe that it 
will BO fall. It is very convenient to in- 
dicate that all the conditions of belief 
nave been fulfilled in this case, by call- 
ing the statement that unsupported stones 
will fall to the ground " a law of na- 
ture." But when, as commonly hap- 
pens, wo change witl into musl, wc in- 
troduce an idea of necessity which most 
assuredly docs not lie in tho observed 
facts, and h.ia no warranty that I can 
discover elsewhere. For my part, I 
nliciiy repudiate and nnathemati^ie the 
inlrndcr. Fact 1 know ; and law I 
know ; but what is this necessity, save 
an empty shadow of my own mind's 
throwing i 

But, if it IS certain that wo can have 
no knowlodgo of tho nature of either 
mattois or spirit, and that tho notion 
of necessity is something illegitimately 
thrust into tho perfectly legitimate con- 
ception of law, the materialistic position 
that thero is nothing in tho world hut 
matter, force, and nocossity, is as utterly 
devoid of jiislification as the most base- 
less of theological dogmas. The funda- 
mental doctrines of materialism, like those 
of spiritualism, and most other " isms," 
lie ouUidc"i!io limits of philosophical 
mqutry," and David H:tmc'« j-reat ser- 
vice to humanily is his irrefragable de- 
monstration of what these limiu are. 
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Hume called himself a sceptic, a.ud there- 
fore others cannot bo bluiucd if thoy 
apply the BamO title to liiin ; hut that 
docH not alter the fact that the name, 
with ila existing implications, does him 
gross injustice. 

If a man asks me what tho politics of 
the inhabitants of the moon arc, and I 
reply that I do not know ; that neither 
I, lur any one eiae, have any jneaiia of 
knowing ; and that, under these cireuni- 
atanccs, I decline to tfoublc myself about 
tho subject at all, I (lo not think, he has 
any right to call me a sceptic. Ou the 
contrary, in replying tbus, I conceive that 
I am simply honest rtud truthful, and 
show a proper regard for the economy of 
time. So Humu's strong and subtle in- 
tellect takes up a groat many problems 
sbont ■which wo are naturally carious, and 
shows us that tbcy arc essentially ques- 
tions of lunar politics, in their chscqco 
incapable of hcing answered, and there- 
fore not worth the attention of men who 
Iiaso work to do in tho woild. And he 
thus ends one of bis essays ; 

" If WD Inka in hand any volume of di- 
Vtn'il J, or scliooi metaphysics, fur instance, 
jut IIS iislv. Doea it cuiitain r.uy nlirtruct 
rensuula^ concerniag qutinlityor number? 
No. Does it CDntalu any ex peri men la) 
Tcosoniug fouceminj; matter of fact and ex- 
istmicc 1 No. Commit it then lo the flames ; 
for it can contain nutliiug but sophistry and 
illusion." * 

Permit me to enforce this most wise 
advice. Why trouble ourselves about 
matters of wbich, Loweverimportantthey 
may be, wo do know nothing, and can 
know nothing! Wo livo in a ivorld 
whicli is full of njisory and ignorance, 
and tlio plain duty of each and all of us 
is to try to make tho littlo oomcr ho can 
influence somewhat less miserablo and 
somewhat less ignorant than itwBs lieforo 
ho entered it. To do this effectually it 
is neeesaary to bo fully possessed of only 
two lel'efa : tho first, that the order of 
naturi- is ascertainable by our faculties to 
an o\tcnt which is practically unlimited ; 
the ee ond that our volition counts for 
some 1 ing as a condition of tho cout^o of 

* Ilumt s essay " Of Uie Academical nr 
Sceptical Pliilosophy." in the " Inqiiirycon- 
cerning tlic Human Uoderstandini;' " 




Each of these beliefs can 
experimentally, as often as ^ 
try. Eacli, therefore, stands 
strongest foundation upon which 
lief can rest, and forms one of 
truths. If we fiLd that tho 
of the order of nature is facilil 
using one terminology, 
bols, rattier tban anothi 
duty to use the former ; and no 

that wo are dealing merely with terms and 
symbols. 

In itself it is of littlo moment whediei 
we express tho phenomena of matter in 
terras of spirit ; or the phenomena of 
spirit, in terms of matter : matter may 
ho regarded as a form of thought, 
thom;!it may bo resjarded as a property 
of matter — each statement haa a certain 
roktivc tnitli. But with a view to tho 
progress of Ecienoo, tho materialistic ter- 
minology is in every way to bo preferred, 
For it eonaects thonght with tlie ollior 
phenomena of the universe, and enggcsts 
inqniry into tho nature of those physical 
conditions, or concomitants of thought, 
wliioh arc moro or less accessible to ns, 
and a knowledge of which may, in fu- 
ture, help us to cseroise the aamo kind 
of control over the world of thought u 
wo alrcadypossessin respect of tlio mate- 
rial world ; whereas, tho alternative, or 
spiritualistic, terminology is utterly bar- 
ren, and leads to nothing but obscnrity 
and confusion of ideas. 

Tims tliero can belittle -doubt, that tim 
further science advances, tho more ei^n- 
sively and consistently will all the phe-^ 
nomena of nature bo represented by ma- 
terialistic fonnulu) and symbols. 

But tho man of ecienco, who, forget- 
ting tho limits of phiiosophieal inquiry, 
slides from these formula and symbols 
into what is commonly understood by 
materialism, seems to me to place himsdf 
on a level with tho mathematician, who 
should mistake the x's and y's with nhick 
ho works his problems, for real cntiliel 
— and with this further disadvantAgc, ■■ 
compared with the mathematician, th»t 
the blunders of tho latter are of no pme- 
tical consequence, while tho errow of 
systematic materialism may paralyze tlm 
energies and destroy the beauty of a life. 



ox Tlir. PHYSICAL BASIS OF LIFE. 



THE SCIENTIFIC ASPECTS OF 
POSITIVISM.* 
It 13 now some sixteen or seventeen 
years since I became iioqaainted with the 
" PhiloRoptiie Positive," the " Diacoura 
Riir I'Enaemblc du PoHitivisme,'' and the 
" Politique Positive" of Aiignate Comte. 
I was led to study tlieao works partly !jy 
tho allusions to tlicm in Mr. Mill's 
" LoKJc," partly liy tliu reeommendation 
of a. iiistingnifihed theologinn, and partly 
t>y llie ur^cney of n valued friend, tho 
iate Professor Henfrey, who looked upon 
M. Couite'sbnikv volumes as a mine of 
wisdom, rind lent them to me that I 
miplit dig Hnd be lidi. After due peru- 
sal, I fonnd mysi'lf m a position to cclio 
ray friend's words, tlioU!J,h 1 may Lave 
laid more stress on the " mine" than on 
the *' wisdom." For I found the veins 
of ore few and far between, and the rock 
so opt to run to mtid, that one incurred 
tho risk of being intcllctlniilly sraothered 
in ihe working. Still, as I was glad to 
acknowledge, I did conic to a nugget 
Iicic and there ; though not, so far as 
riiy experience went, in the diceussioDB 
on tile pbiloBcpliy of the pliyfical ici- 
onces, but in the cliapteia on speculative 
and prtLCtical sociology. In these there 
was indeed mnch tu srouse the liveliest 
interest in one wliose bi jit Imd broken 
awny fiom tbe old iiiroijnus, and who 
had lieen content " (o lay cnt an anchor 
by the stem" until dHytiglt t-boiild break 
and tbe fog elrar. Nulhin^ could bo 
more intcrestind to h student of biology 
than to sec the study of the biological 
sciences laid down as an CEsectisl part 
of the prolegomenu of a new view of 
social pbcnonieiiH. Nothing could bo 
more satisfnctoiy to s worshipper of the 
Bcvcm truthfulness of science lh»n tho 
attempt to dispense with all beliefs, 
save such aa couid brave the light, 
and seek, rather than fear, criticism ; 
while, to a lover of courniic and out- 
spokenness, nothing could be more touch- 
ing!; than the plaeid announcement on the 
title-page of the" Diseomscsrr I'Ensem- 
ble du Poeitivisrae," that its author pro- 
posed 

* A reply lo Mr. Cno^eve's nllaek upon 
thu iirecening psper. Published in tljo 
Fortiiighay Itevietc, 1303. 



the shattered frame of modem aoeiuty. 

In tboae days I knew my " Fcust" 
pretty well, and, after reading this word 
of might, I was minded to cliant the wcll> 
known stanzas of tho " Greiatarelior" — 



"WcLl Weh! 
Die scbSnc Wtll, 
Bie slQrzt, sin zerfB,Ilt : 
Wlr Iragen 

Die TrUuiQiern Ids Nlelils liiuQber. 
Mac li tiger 
Der ErdensOhne, 
PracLtiger 
BiiuB sie wieder ; 
In deiuemBuBcu baue sic auf." 



A 



Great, however, was my perplexity, not 
to say disappointment, as I followed the 
progress of this " mighty son of earth" 
in his work of reconstruction. Undoubt- 
edly " Dieu" disappeared, hut the 
" Nouvean Grand-Etro Supreme," a 
gigantic fetish, turned out biand-new by 
M. Comte's own hands, reigned in his 
stead. " Roi" also was not heard of ; 
but, in his place, 1 found a minntely- 
defined social organization, which, if h 
ever came into practice, would exert a 
despotic authority such as no .suhan has 
Hvallcd, and no Puritan presbytery, in 
its paliniest days, could hope to excel. 
While as for tho " culto Byslijmatique de 
I'Humanite," I, in my blindness, could 
not distinguish it from sheer popery, 
Willi M. Couite in the chair of St. Pctor, 
and tho names of moat of the saints 
elmnged. To quote " Panat" again, I 
fuund myself saying with Grctchen, — 



Rightly or wrongly, this was the im- 
pression which, all those years ago, the 
study of a. Comto's works left on my 
mind, combined witli the conviction, 
which I shall always ho thankful to him 
for awakening in me, that the organiza* 
tion of society upon b. new Hnd purely 
scicntilic basis is not only practicable, 
but is the only political object much 
worth fighting for. 

As I have said, that part of M. Comte's 
writings which deals with tho philosophy 
of physical science appeared to me to 
possess singularly little value, and to 
show that bo had but the most superti. 
cial, and merely second-hand, knowledge 



of raost brancutis of what is usually under- 
stouU l>y science. I do not mean by 
tliia lUL-rcly to aay tliat Co:ntc was bobind 
our present knowledge, or that he wan 
unacquainted with the details of the xci- 
ence nf Iiis own day. No one could 
JQtitly mako such defect* ctiuso of com- 
pluiiit in a pliJIosopliical writer of the 
ptist ;;e>icration. What struck me was 
bis wiuil of apprehension of the greitt 
feaCUR's of Hcience ; liis ntrange inisUikcs 
as to tho merits of his seiuntiiio contem- 
poraries ; and his ludicrously erroneous 
flolion-1 about the part which some of the 
flcientiRc doctrines current in his time 
w»?re destined to play in the future. 
With those impressions in my mind, no 
one will lie surprised if 1 acknowledge 
tliat, for these sixteen years, it has been 
n perioilical source of irritation to me lo 
find M. Comto put forward na a repre- 
oentative of scientific thought ; and to 
observe that writers whose philosophy 
hod its legitimate parent in Uumo, or in 
theiaacivu*, were labelled " Comtists" or 
" Positivists" by public wrilern, even in 
Bpite of vehement protests to the con- 
trary. It has cost Mr. Mill hard rub- 
tings to gut that label off ; and I watch 
Mr. Spoucur, as one regards n good man 
struggling with adversity, still engaged in 
eluding its adhesiveness, and ready to 
tear away skin and all, rather than let it 
stick. My own turn might como next ; 
and therefore, when an cininout prolate 
the other day gavo currency and au- 
thority to the popular confusion, I took 
an opportunity of incidentally revindicat- 
ing Iliimo's property in the so-called 
" New Philosophy," and, at the same 
time, of repudiating Comtism on my own 
behalf.* 



e in Ihe Dunilier ot the fihrtaij/hUg Retievi 
for April, 18f!!J. does not venture locbnilengo 
Ihe justice of the claim I made for Hume. 
Hemerf^ly aufrgoBls that I have been wanting 
in cnndor in nut nrnutioning Comle's high 
opininn of Hume. After mature reflecliuu, 1 
lun noableto discern my fault. If I hailsud;- 
gesled that Cmnte l)nd borrowed from Hume 
vritb^Tit aeknowle(l(:menI ; or If, iuElend of 
trymg to express my ot» q sense of Huroe'a 
merUa with the modesty which becomeg a 
writer wlio hua no aulborily in matters of 
philosophy, I liad afflrraed llmt no one bad 
properly i>pppei.-iate(l Lin;. Mr. Cnnffieru's 
remarks would apply: but na I did neilher 
of these things, they appear 'o mo to be iiTel 
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a intention, iitrictly li 
> purposes. But ihcj' 
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to these ^ _ 

ibrage than lis- 
tended they should, to the folluwenol 
M. Cumtc in [hi)i country, for samed 
whoiu, let mc observe in jiassing, I enti 
tain a most unfeigned respect ; and U _^ 
Congrcve's recent article gives uxpreasloB 
to the displeasure which I h« 
among the members of the i 
body. 

Mr. Congrcve, jn a peroration wbiA! 
seems especially intended to catch t^ 
attention of his readers, indignantly cbit 
koges mo lo admire M. Comic's lih* 
" to deny that it has a marked character 
of grandeur about it ;" and lie u; 
very strong language because I ! 
sign of veneration for his idol. 1 cnnfGa> 
I do not care to occupy myself with tlH 
denigration of n man who, on the whole, 
deserves to bo apoken of with respect 
Therefore, I xhall enter into no statement 
of the reasons which lend inc unhcsItA- 
tingly to accept Mr. Congrevo's chal- 
longe, and to refuse to recognizo anything 
wiiicli deserves tho name of grandct 
character in M. Comtc, iinleas it he hii 
arrogance, which is undoubtedlv aubliinc. 
All I hnvo to obsen-e is, that if Mr. Con- 
grevo is justified in saving that I apeak 
with a tinge of contempt for his spiritual 
father, the rea,«in.for snch coloring of inj 

fvunl. If uot uHJuatlHable. And even had it 
occuired to nie 1o quote M. Cuiute's cspres- 
siuDa ubuut Hume, I dn not know that I 
should liQvu cited Ibem, inasmueb as, ou bii 
own sliowln^, M. Comto oei'aaionally sptiilu 
very decidedly touching wrllers ot whitas 
works lie has not read a line. Thus, In Tom* 
VI. of the " PbiloKoplile Poailive," p. 019, 
M. Ciimie writes: "Lo plus grand dM 
mulapliysiclens modernea, Tiltusire Kant,* 
noblementmEi'ilHUne Cternelle lulmintlloDni 
tenlant, It) premier, d'ecliap|iei direetemetit i 
I'alisolu pbilusopblque par sa rJ^lShTecnnnp- 
tbn de ta double rf alilf , & \n f<iis objective et 
subjective, qui iudlquo un lA juste senllmeDl 
de la aaine pliiloaophie." 

But in the " Preface Pereonnelle' 
same volume, p. S5, M, Comte lells 
n'ai jamais lu, en aucune lanjfue, nl Vicii, ai 
Kant, □! Herder, ui Hec;el, etc. : je no coo- 
nais leurs divers ouvrages que d'aprda qnd- 
ques lelntlons indircelos et cerlnias exlraRl 
fort inaufflaants." 

Wlio kn'iws but that tho " ete," may in- 
chidellumei And in that case, what ' """ 
value of M. Comte's pratso of hi: 
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laneci^ie 13 to lie found in the fact that, 
when I wrote, I had hut just arisen from 
the pomsui of a work with which he is 
doiihtlcsa well acquainted, M. Liltre's 
" AiigUBle Comto et to Philosophic Posi- 
tive." 

Tlioiigh tlicre arc tolerably fixed stand- 
ards of right and wrong, and even of 
generosity iind meanness, it may be said 
thjit iho'l'cauty or grandeur of a life is 
more or less a matter of taste ; and Mr. 
Congruve's notloiis of literary excellence 
are bo diffeient from mino that it may 
be we should diverge as widely in our 
judgment of moral beauty or ugliness. 
Tlic'rcforc. while retaining my own no- 
tions, I do not presume to i|iiarrel with 
Lis. But when Mr. Congrtve devotes a 
great ilcul of laboriously guarded insinna- 
tioii to the endeavor to lend the public 
to lielievc that I hove been guilty of the 
dishonesty of having criliciaed Comte 
without having read him, I miiat he per- 
' mittcd to remind him that lie has neglect- 
IL cd the well-known maxim of adiplomatic 
Mfre, " If you want to damage a man, 
you Kbould say what is probable, as well 
Kfl what is true." 

And when Mr, Congreve speaks of my 
baving an advantage over hiia in my in- 
trodnction of " Christianity" into the 
pfaraae that " M. Comic's philosophy, in 
practice, might be described as Catholi- 
cism minwi Christianity ;" intending 
thereby to supKCst that I Iiave, by fio 
doing, desired to proHt by an appeal to 
the odium l/ieolofficum — he lays himself 
Opfti to u very unpleasant retort. 

What if 1 were to suggest that Mr. 
Congreve had nut read Comic's works ; 
and that the [ihras" " the context shows 
that tliQ view of the writer ranges — how- 
ever Bupcrfieiatly — over the whole works. 
This is obvious from the mention of 
CatholiciGm," demonstrates that Mr. Con* 
greve has no acquaintance with the 
" Philosophic Positive" ! I think the 
snggestion would be very unjust and un- 
mannerly, and I shall not make it. But 
the fact 'remains, that this little epigram 
of mine, which has so greatly provoked 
Mr. Congreve, is neither more nor less 
tfaan a condensed paraphrase of the fol- 
lowing passage which is to be found at 
faga 344 of the fifth vohimc of the 
■' PhilosopLie Positive ;" * 

* Now and always 1 quote the second cdl 
tiau, by LIUre. 



BASIS OP LTFK. 

' J.a eeme sohillon pesslble fle ea pranA 
prolilAoic liiMorique, qui d'u jnmuis pii tire 
pliiloHoplilquemeat pusg jusqu'ici.consiple A 
sens Todicultment inverse des 



id daelrine, eC turn Vorganimttum, C(Ui n'a 
pitFiffl^renient rulneuqueparsuile <le snn iu- 
evllable adherence Slemtnlnire A In pliil 'SO- 
phie theulogrque. dcatinee ii BUi'cemlM'T grad- 
ueilement siuB rirrfsisiililc emHoclpHliou de 
lu raison humainH ; tandit qu'ime (die wn- 
ilUntion. ronvenalilemenl rieonntrvite nur de» 
batei intdleltiellei d Ui fainpitu llendoa el pttu 
ttablM. dewa finalmeni firiniderAl'iniliitp'nt- 
ahle rSoryaninatinn tpiritveSe ifi' iociSe* mo- 
dtrnen. envf le»di0renetii eiutinlirlhi i^mttnnl- 
laenl anrrapondantes d Vtxlremr. diter'Ui da 
daetnneiifoiidamentalai ; & mollis de supposer, 
eo qui sernit certainumEnt eontrnilieloire i 
)'ensemh1e des lois de nntre nsHirc. que lea 
Immt^DBes rfforls ile lanl de ;r'nnilH hdmmes, 
swnndfo par la pcn^vfiianle srjllicilude ded 
nalions civills^es, dans lafoadslion seeiilaire 
du ce cbef-d'<BUvru pnlilique de lu sHucase 
humaine. ilolveni elre rnlln irrevoeiilik'ment 
pprihis pour I'ellte de rbunianile sauf leB 
resultnts. cnpllaux mnis provis'iires, qui s'y 
rapporlaient immMialement. Ccile expllca- 
tiun fcSnrrale. dcj& evidemmE'ni mniivee par 
la sidle des ce n side rat louj prnprcs £ ce cha- 

5 lire, sem do plus en plus ruiiflrm£o tmr lout 
I vesic c]u nulro operuElun hlsIuilqiR', dont 

eUe coiuitUvera upoiitaniment la priiteipale 

eondawm piAiliqae." 

Nothing can bo clearer. Comte'a 

ideal, as stated by himself, is Catholic 
organizMtion without Catholic doctrine, 
or, in olher words, Catholicism mi'ntu 
Christianity. Surely it is ullerly unjus- 
tillaUlc to ascribe to mo base niotivea for 
stating a man's doctrines, as neariy as 
may be, in his own words ! 

My readers would haidly ho interested 
were I to follow Mr. Congreve any fur- 
ther, or I might point out ihat the fact 
of his not having heard me lecture is 
hardly a safe ground for his sjiecLilatiotw 
as to' what I do not teach. Nor do I 
feel called upon to give any opinion as 
to M. Corate's merits or demerils as ro< 
garda sociology. Mr. Mill (whose com-i 
potenee to apeak on these matters \ 
suppose will not he iiuentionid, even 
by Mr, Congrcii') has dealt wiih M. 
Comte'a philoB(.phy from this p .int of 
view, with a vigor and authority to 
which I cannot for a moment aspire ; 
and witli a severity, not luifrcijuenlly 
amounting to contempt, which 1 havo 
not liiu wish, if I had the power to sur- 
pass. I, as a muse siudt-nt in lliesii imes- 
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tmn, nm enntent to abide by Mr. Mill's 
jnUjtinoiit until some imc rIiows poiibc for 
its reversal, iiml I decline to enter into u 
diHCiissioo whicli I have tiot provoked. 

TiiB Bolc obligHtion which lies upon 
TiiQ is to justify so miicli ns Btill remains 
without justificntion of what I Iisto writ- 
tun respectine I'ositivism — namely, the 
opinion cspressed in llio following para- 
graph : 

" Iq so far as my study of what speciHlly 
eliatiiclerizcs tlie Positive Philoeopby has led 
mu, I Itiid lhi:rein Utile or nolhingofftnyMei- 
ciitlile vdiie. and a great denl which is as 
ihoroiL^tily uDiagODJsiic to ilievery essenes 
nf ncieiice as aiiythlog iu ultnmiontunc Cu- 
tboliciam-" 

Hero arc two propositions ; iho first, 
that the ■' I'hilosophio Positive" contains 
little or nothing of any scientific valuo ; 
the second, that Comtisin is,, in spirit, 
unti-sdcnlific. I sliall endeavor to bring 
forward ample evidence in support of 
both. 

I. No ouo who possesses even a super- 
ficial nnquaintanco with physical science 
can read Comto's " Lemons" without be- 
coming aware that Jio was at once singu- 
larly devoid of real knowledge on these 
subjects, and slngubirly unlucky. Wliat 
is to iic thought of the contemporary of 
Young and of Frcsnel, who never misses 
an opportunity of casting seom upon the 
hypothesis of an ether — the fimdamcntal 
basis not only of the undnlutory theory 
of light, tut of BO much else in modem 
physics— and wiiose contempt for the in- 
tellect:! of some of the strongest men of 
his generation was such that he puts for- 
ward the inerc distcnee of night aa a 
refutation of tlio undulatory theory ! 
Wliat ii wonderful gauge of his owii 
value as a scientific critic does he affor — 
by whom we are informed that phreno- 
logy is a great acienee, and psychology a 
chimera ; that Gall was one of the great 
men of his age, and that Cuvier was 
*■ brilliant but snperiicial !" * How un- 
lucky must one consider the bold specu- 
lator wlio, just before the dawn of mod- 
cm histology — whicU is simply the appli- 
cation of the microscope to anatomy — 
reproves what ho calls "the abuse of 
microaeopie investigatious," and " the 
pxaggerntej credit" attached to them ; 
who, when the morphological uniformity 
of tiio tissues of the great majority of 



, on the ovo of 
lcd with ridicnlo 
those wbo attempt to refer all tissues to 
n " tissu giineratenr, " formed by " lo 
chimeriquc at inintelbgible osscmblago 
d'unc sortc dc monadcs organiqucs, ijui 
scraient des lors les vrais t^lements prim- 
ordiaux dc tout cor])S vivant ;" anil 
who finally tells us, ibat all tlic objec- 
tions against a linear arrangement of tbc 
species of livinir beings arc in their OE- 
sencc foolish, and that the order of the 
animal scries is " necessarily linear," 
wben the exact contrary is one of the 
best established and the most important 
truths of zoology. Appeal to mathema- 
ticians, astronomers, physicists, chem- 
ists, biologists, about the " Philosophie 
Positive," and tbey all, with one con- 
Bent, begin to luakc protestation that, 
whatever M. Comtc'a other merits, he 
has shed uo light upon the philosophy of 
their particular studies. 

To bo just, however, it most be admit- 
ted that even M. Comtc's most ardent 
disciples are content to be judiciously 
silent about his knowledge or apprecia- 
tion of the sciences themselves, and pre- 
fer to base their master's claims to scien- 
tific authority upon his * ' law of the three 
stales," and his "classification of the 
sciences." But here, also, I must join 
issue with them ns completely as others 
— notably Mr. Herbert Spencer — have 
done before me, A critical exaaiination 
of what M. Comte lias to say about the 
" law of the three states" brings out 
nothing but a series of more or less con- 
tradictory statements of an imperfectly 
apprehended truth ; and his " classifica- 
tion of the sciences," whether regarded 
historicaliy or logically, is, in my judg- 
ment, absolutely worthless. 

Lot us consider the law of " the three 
states" as it is put before us in the open- 
ing of the first Lejon of the " Philoso- 
phic Positive :" 

" En ftludiant ninsi le dEveloppemenc lutf>1 
de i'iu lei licence humaiae dans ses divers«5 
rphfires d'aclivllS, depuis son premier rasoi ] 
Ju plus simple jusqu'a nus jimis, jn cinto 
avoir d^couvert une^jrrandeloi fcndiiniciiliile, 
a laquelle il est assujelti par unc necessltt in- 
variatile. et qui me semble pouvoir fitrs ! 
Bolidement etablie, soil sur les preuies ra- i 
tlonelles f onmies par la connaisEauce de neire I 
or;;aiilaalion, soil aur les veriflcalicua bislo* | 
ritiues reaullact d'uQ e:[Hiiien attenlif dn i 



rsa, Cette ]ol coDslslo en ce que clincutie 
ooe coatcplions principaits, cliaque 
branche du iios (.'cniiaissaDcca. passe Eucces- 
tdvemeDt pur irola £Iu(b lL£oiJqueE diCerents ; 
I'etat llieulogiquo, ou flcllf; Vital meta- 
pliysiuiK.', iia iLlislruit ; TbIbI scientifique, uu 
paailii. Eu d'aurres teimes, I'etpTit bumain, 
par M nature, emplniu eucccBsivement duns 
cliacuoe dii ea Teclierulies troia mtlhodea de 
philosopher, dont le caraeiire eit tatentieUe- 
ment diWeitnt et m?me fadicalement opposfi : 
d'abucif la mgLliode IhiSologique, ensuite la 
mfiUu'do mctapbjHiqUK. et cnfla la mfilhode 
posiliTi;. De la, troia soilea dc pliilosophic, 
on du Nyst^meB gCnSraux de concepUuns but 
rcnscmble dea" ph^nom^nee gui s'txetuent 
miituellement ; la premiere est le point de 
depaitnecKasnlruduriiiLdligeDceliuniBine; <b 
troisifmc, sQuelat llxcct detiuilif : lasccoudD 
cet uniquemCDt deBtineu H servir du tran- 

Notbing can be more precise than these 
Btatcmcnta, nbich niay be put into the 
following propOBitions : 

(a) The human intellectissubjcctod lo 
tho law by &n invariabla neceiisity which 
is demonstrable, d priori, from ihe na- 
ture and constitution of tlio intellect ; 
-whilt!, as a matter cf historical f«cl, the 
liumiin intellect ban been subjected to tho 

(6) Every branch of human knowledge 
passes through the Ibreo states, neces- 
sarily beginning with tho first staga. 

■(<;) The three states mutually exclude 
one another, being essentially different, 
and even radically opposed. 

Two questions preBont tbeinselves. Ih 
M. Comteeonsisteiit with himself in mak- 
ing these assertions J And is he consis- 
tent with fact ! I reply to both questions 
in the negative ; and, as regards tho 
first, I bring forward as my witness a ro- 
mariftble passage which is to be found 
in the fourth volume of the " Philoso- 

Ehie Positive" (p. 481), when M. Comto 
ad had time to think out, a little mors 
fully, the notions crudely stated in tho 
first volume : 

" A proprement parler, la pUilosopbie th6- 
ologlque, meme dana uolio piemii^re eiifunee. 
individuella ou sociale, n'a jamaiH pu elrs 
TlKOureuaemeut uuiverselle, c'eti-^dirc que, 

Surlea ordres queleuuques de uhenonieues. 
faiU lei plus aimplei el lei pliii commiina 
0A( toifjoun its Ttgardii comma eeienUeUcinenl 
gtfUktlUi d ttei lots natitrtUei, ou lieu d'ftre 
atMbuii d t'arbilraire tdgntS de» ngfiiln 
lUTV^tuTcU. L'illustre Adam Smith a. | ai 
fiempie, trus-heureu semen t remurqut^ dnu, 
sea CBsais philosophiques, qu'on no irouvfit 
en oucun lenips ni en aucuu pays, un ditu 



tHiur la ppsanteur. Jl tneiiiafml, en ginfral, 
meme d I'lganl dr» iiijcta leu plus eompligvei, 
tnventovi lei pheaomenet aenfs HiiH-vUiirmet 
anez famiiieripour qtie lapnijmli: ii'riiii'nifili'i 
lie kutv relations effectmea ait Iniij/nil'ii M 
frapper iponUiniment I'obterraleur le mmia 
pi'Spari. Dana I'ordre mural la frtial, 
qu'uDe vuine O[ipasitlon voudntit nujniird'liui 
syslemnii que ment Inlerdlre il hi pliiloaopliie 
p03ilive.il ya en neccBsairement, en lout 
temps, la pensSe des lois naturellefl, reliillve- 
mcut aux plus simples pbfeuo]n6nps dn la vie 
journaliSre, comme I'exigo giUlcmmeiil la 
eonduito gfinerale de noire exislouco rfeellB, 
individuelleuu H'jciale, qui n'auinltpu Jamais 
cnmporter Buuime prfiriiyance queluDii<(ue, el 
tons led pbeDODi&nes huinains avalent 6l6 
rigoureusemiint allrlbiies il dus n^iilB surna- 
lurels, puiaque dCs lora la piiere auiait 
logiqiiemeut consLltuS la seule ressource 
imagiuablc pour inlluer sur )e coara hulnluel 
des actlans humaines. 0/t doit mSmt re- 
maryuer, d ee injet, que c'est au eotiiraire, 
I'ebaitche ipoiUanSe dei premiirea luisnatareUei 
propre* aux acta iadieidueli on aotiauv ffut, 
^iitemealtritntportesd touileiphinoinenes du 
mondo exterieitr, a d'abordfimnu. d'apriii jk« 
expCieatioiu praeedentei, le vraiprineipafoada- 
miinlal d« la phitoiophie Uijalogigite. Aiiui, le 
germe elaaealaire de la philoiophie paiUi'ce est 
eci'Uiineirienl lout a'mi pfimitifnit fimd guc 
eeliii d; (Vt phihmphie thialogiqiie e'U-TnS'iie, 
q-ati qii'il n'ait pu le ditelapper que, bun iicoup 
plug Umt. line telle notion importu cxireme- 
ment a la parfaile ratiuaalltij da nutrc llieorlo 
saciolngi'iiiD. puisquo !a vie bumaina ne pou- 
vant jamils uffrir aucune T&rilable criallan 
quelcomiUB. mnis toujanra uoo fclmplo evo- 
lutinn fi^railuelk, I'essi^rllnHl de I'eaprit piwilif 
doTiemli-ait nciualiflqiicment incompielieasl- 
l)!e, si, de3 I'origine. ou u'en eoncevait, & 
tous figanU, lus premiera radlmenls ne- 
cessalres. Depuis cette siluiilion primltlTe, 
&.mesure que uiis obierVBiiDea so aonL apon- 
lanemcaC llenducs el^6nuralisecs, eet esaor, 
d'abord a, peine appreciable, n con slam menl 
aulri, sans eeaaer longlemps d'etre Buhallcrne, 
une progresaiun tr6s-leute, mais e ontiune, la 
pUilosopbie tUenloijiquB realanl tou,1oura 
reserveu pour lea pbenomeQes, de muins en 
moins numbceux. dont les lais iiutureiles no 
pouvaioQl encore Stre aueunement connues. " 

Compare the propositions implicitly 
laid down hero with those contained in 
the earlier volume, (a) As a matter of 
fact, the human intellect hasnoi been in- 
variably subjected to tho law of the three 
atfiles, and thureforo tho necessity of the 
law ranaot be demonstrable A priori, (b) 
Much of our knowledge of all kinds has 
Ttot passed through the three statea, and 
more particularly, as M. Comte is care- 
ful to point out, not through tho first, 
(f) The positive state has more or less 
co-existed with tho theological, from tho 
dawn of human intelligeneo. And, 'ly 
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way of oomiileting tho aeriea of oontra- 
dictioTn, t!ij imurtion that the throe 
nUtiei aro " csiuntially diScnint anil even 
radiually opposud," 'n met a. little lower 
on t!ic samo page by the dectiiration tliiiC 
" the niftta physical statB la, at bottom. 
nnthinL; Untasiinplo general modifityition 
of the flrst;" while, in tliu fortiulh 
Lbqoii, as also in tho intcrcstigg early 
CMay entitled " Conaidfiratiuna phibito- 
phiqnes siir Ics Sjienoua ct h* Savants 
(1835)," tho thrue Hlatea are practically 
pediiciid ^J two. "Lb vorilahle esprit 
g^n^r^l du toiito philoaophie theologicjiiu 
on mfetaphysiipio cooaiste i prendre ponr 
principo, dun* roxplioation d.ca ph^noin- 
gnca an mondeoxtericur, notrc ssutiinent 
imra^iat des phenomtaea Immainea ; 
tandia qne an contruire, la philoaophie 
poaitive e^t toujmirs earacteris6e, non 
moitia prnf on dement, par )a subordina- 
tion necesaairu ct rationelle de la uoncep- 
tion do rhomine a celle dii monde." 

1 loavii M. Comte'a disciples to settle 
which of these coutnidiclory atatemunts 
(Xprtsscs iheir muster's real meaning. 
All I beg leave to remark is, that men of 
science are not in the iiabit of paying 
mueh attention lo " lawa" stated in thia 
fashion. 

The second statement is nndoubtcdly 
far more rational and consistent wilh fact 
than the first ; but I cannot think it is a 
just or ndeqiintc account of the growth of 
intelligence, cither in tho individual man 
or in the Iiuman species. Any ono who 
will carefully watch tho development of 
tho intellect of a child will perceive that, 
from the first, its mind is mirroring na- 
ture in two different ways. On the one 
hand, it is merely drinking in sensations 
and building up associations, while it 
forma conecptiona of things and their re- 
lations which aro more thoroughly " posi- 
tive," or devoid of entanglement with 
hyjiotbeses of any kind, than they will 
ever be in after life. No child has rc- 
courao to imuginary personifications in 
order to accoui.t for tho ordinary proper- 
ties of objects which arc not alive, or do 
not represent living things. It di>es not 
imngine tiiat the taste of sugar is brought 
about by a god of sweetness, or that a 
spirit of jumping causes a ball to bound. 
Such phenomena, which form the basis 
of a very large part of its ideas, arc taken 
■M matters of course — as ultimate facta 




whioh s;izgeat no diffieulty nnd need no 
exphiiialion. So far as all tUeso common 
though important phenomena arc con- 
cerned, the child's mind ia in what M. 
Corato would call the " positive" state. 

But, side by side with this mental con- 
dition, there rises another. The ckild 
becomes aware of itself as a sonree of 
action and a subject of passion and of 
thought. Tho acts which follow upon 
its own desires are amonp the most in- 
teresting and prominent of surrounding 
occurrunceB ; and these acta, again, 
plainly arise either out of affectiona 
caused by surrounding things or of othoi 
changes in itself. Among these surround- 
ing things, the most interesting and im- 
portant an; mother nnd father, brethren 
and nurws. The hypothesis that Iheaa 
wonderful creatures aro of like nature to 
ilaelf IB speedily forced upon the child'a 
mind ; and thia primitive piece of an- 
thropomorphism turns out to be a highly 
suc»essful speculation, which finds its 
jiWLification at every turn. No wonder, 
then, that it is extended toother similai4y 
interesting objects which are not too un- 
like these — to the dog, tho eat, and tho 
canary, the doll, tho toy, and tho pic- 
ture-book — that these are endowed with 
wills and affections, and with capacities 
for being "good" and "naughty." 
But surely it would be a mere perverwon 
of language to call this a " theological" 
stale of mind, either in tho proper sense 
of the word " theological, or as con- 
trasted with " scientific" or" positive." 
The child does not worship cither father 
or mother, dog or doll. On the con- 
trary, nothing ia more curious than the 
abaoluto irreverence, if I may so say, of 
a kindly- treated young child ; its ten- 
dency to believe in itself as the centre of 
the universe, and its disposition to exer- 
cise despotic tyranny over those who 
could crush it with a finger. 

Still less is there anything unscientific, 
or an ti- scientific, in this infantile anthro- 
pomorphism. The child observes that 
many phenomena aro the eonsequenees 
of affections of itself ; it soon has excel- 
lent reasons for tho belief that many other 

tions of other beings, more or less liko 
itself. And having thus good evidence 
for believing that many of the most in- 
teresting occurrences about it are explica' 



iile on the hjpotheais lliat they aro tho 
rork of intelligences like itself — having 
liscovered n vera causa for many pheno- 
nena — why shonld tho chiid limit tho 
mpUcation of so fniitfiil an hypothesis ! 
The dog has a sort of intelligence, so has 
Lhe cat ; why should not tbe doll and 
;he pictnre-book also havo a share, pro- 
aortioncd to their Ukonesa to intelligent 

Tho only limit which does arise is ex- 
actly that which, as a matter of science, 
shonld arise ; that iato say, the anthropo- 
morphic interpretation is applied only to 
those phenomena which, in their general 
nature or their apparent capricionsness, 
resemble those which the child observes 
to bo caused hy itself, or by beings like 
itself. All the rust aro regarded as 
things which explain themselves, or aro 
inexplicable. 

It is only at a later st!^ of intellectual 
development that tho intelligence of man 
awakes to the apparent contlict between 
tho anthropomorphic, and what I may call 
the physical,* aspect of nature, and either 
endeavors to c-xtend the anthropomorphic 
view over tho whole of nature — which 
is the tendency of theology ; or to give 
tho same exclusive predominance to tho 
physical view — which is the tendency of 
BCtencc ; or adopts a middle course, and 
taking from the anthropomorphic view its 
tenduncy to personify, and from tho phy- 
sical view its tendency to exclude volition 
and affection, ends ia what SI. Comte 
calls tho " metaphyaicnl" state — " meta- 

!)hyBical," in M, Comtc's writings, 
leing a general term of abuse for any- 
thing he does not like. 

What is true of tbe individual ia, wiii- 
tatia mutandis, true of tho intoliectual 
development of tho species. It isabeurd 
to say of men in a state of primitive sav- 
agen', that all their conceptions arc in a 
-theological state. Nine-tenlhs of them 

* The word "posilive" is in every way 
ohjtelionuble. Ia one sense it suggests lljal 
moniHl quality which was uudouliie'lly 
larprely developed In M. Comtc, \nii can besl 
be dispensed Willi tu a philoaopher : in an- 
i>ltier, it is unFortunaie in its npplicalian Id ii 
syslem which slaits with euormnus ncj;n- 
lutns ; inilslUird. iindspeciall.vpliiloaDpliiL-fll 
■enso, as implying usystemoflhnught which 
noihrn^ licyowl tlio confeni of o'l- 



nro eminently realistic, and as " positive" 
as ignorance and narrowness cnn maku 
them. It no more occurs to a savage 
than it does to a child, to aek the vjliy 
of the daily and ordinary occnrrcnces 
which form the greater part of his men- 
tal life. But in regard to tho moru 
striking or out-of-the-way events, which 
force him to speonlate, ho is highly an- 
thropomorphic ; and, as compared with a 
child, his anthropomorphism is complicat- 
ed by the intense impression which tho 
death of his own kind makes upon him, 
as indeed it welt may. Tho warrior, full 
of ferocious energy, perhaps tho despotic 
chief of his tribe, is suddenly struck 
down. A child may insult the man a, 
moment before so awful ; a fly rests, un- 
disturbed, on the lips from which nndis- 
puted command issued. And yet the 
bodily aspect of the man seems hardly 
more altered than when he slept, and, 
sleeping, seemed to himself to leave his 
body and wander through dreamland. 
What then if that something, which is 
the essence of tho man, has really been 
made to wander by tho violence done to 
it, and is unaWe, or has forgotten, to 
come back to its shell ! Will it not re- 
tain somewhat of the powers it possessed 
during life ? May it not help us if it bo 
pleased, or (as seems to ho by far the 
more general impression) hurt us if it bo 
angered ! Will it not bo well to do to- 
ward it those things which would have 
soothed the man and put him in good 
humor during his life ! It is impossible 
to Btndy trustworthy accounts of savage 
thougiit without seeing that some such 
train of ideas as this lies at tho bottom of 
Iheirspeculative beliefs. 

There are Bav^;cs without God, in any 
proper sonso of the word, but none with- 
out ghosts. And the Fetishism, Ances- 
tor-worship, Hero-worship, and Derao- 
nology of primitive savages, arc all, I 
believe, diflercnt manners of expression 
of their belief in ghoata, and of tho an- 
thropomorphic interpretation of out-of- 
the-way events, which is its concomitant. 
Witchcraft and sorcery are tho practical 
expressions of these beliefs ; and they 
stand in tho same relation to religious 
worship as tho simple anthropomorphism 
of children, or siivages, does to the- 

In tho \jEOftKas ol \.\,vi «^i\s.'i ^^tj-oi 



ON THE PHYSICAL BAfllS OF LIFfe. 



aavagcry !»i advanced civilization, anthro- 
pomorphism grows into theology, while 
physioism (If I may ao tall it) developH 
into ficicnoe ; hut the development of 
the two is contemporaneous, not bucccs- 
aive. For each, there long exists an aa- 
aiirod prorinco which is not invaded hy 
the otiier ; while, between the two, lica 
a debatable land, ruled by a sort of bas- 
tnrda, who owe their complexion to phy- 
sicisin and their substance to unthropo- 
morphism. and arc M. Comte'B particular 
aversions — metaphysical entities. 

But, as the ages lengthen, tlic borders 
of Phyaicism incioaso. The territories 
of the bastards are all annexed to aci- 
enco ; and even Theolopy, ia hi;r purer 
forms, IniB ceased to be nnthropomorphie, 
however sho may talk. AntJiioponior- 
phisni has taken stand in its last fortress 
— man himself. But science clostly In- 
I Tcats the walls ; and Philosophers i^ird 

themselves for battle upon the last and 

Seatest of all speciilativo problems — Docs 
iman nature posaesH any free, volitional, 
or tmly anthropomorphic element, oris it 
only the cnnningeat of all Nature's clocbB ! 
Some, among whom I count myself, 
think that the battle will forever remain 
a drawn one, and that, for all practical 
pnrposcii, thi^ result is na good as anthro- 
pomorphism winning the day. 

The classification of the sciencea, 
which, in the eyes of M. Corate's adher- 
ents, constitutes his second great claim 
to the dignity of a scientific philosopher, 
appears to mc to he open to just the aamo 
objections as the law of the three states. 
It is inconsistent in itself, and it 'a in- 
consistent with fact. Let us consider 
the main poiuls of this classification suc- 
cessive iy : 

" li fnut distinguer par rapport il tons les 
ordrcs lies phtnomenes, deui {r^nrcs do sci- 
ences nut urellcn ; Ics unes alDEtralles.geni^rales, 
out pour objoL la tlecouverlo dts luis qai 
rigUseut les oiversea classes de phfinouiCnes. 
eu cunsldurant lous les cas qii'on pent con- 
cevoir ; les nutrea conerStes, parlEcTili^res, 
iJescriptivcB,et qu'ou d^siftneqiielqacfois sons 
In nom. dtjs HCleaccs nalurellcs propriment 
dites, cODsiateaC duns I'appticalJon de cee 
iois 4 rbistoirc elTectivo dca differenla cires 
cxistants." 

The "abstract" sciences nro subae- 
quently said to be mathe.TiallcB, iistrono- 
my, physics, chemiatrv, jihjsiology, ani 
VDCial physics— the liil.'s of the two lat- 



ter being subsequently changed \o biolo- 
gy and Bociology. M, Comte cxcmpli- 
ticB the distinction between his abstract 
and hia concrete 



" On pourra d'libord rnperccvoir tri5B-nel- 
tcmeut en eomparaul, d'une part, la pliyai- 
olvgiegenSrule, etd'unouuinjpartla zntAogiv 
et la botanLque propreuient aites. Cu loot 
fividecimeDt, en cnet, deux travaus d'tin 
caraclSru fort distinct, ((ue d'€ttid1er, en 
ggnSral, les lulsde lavle, oude determiner 1e 
mode d'esialcnce de chaque corps vlvant, eu 
particuller. Cette neconAi^ Utide, en outrv, eil 
neeeisaii-ement fondia »ur la prciiaSre." — 
P. 57. 

All the unreality and mere bookishnew 
of M. Comte's knowledge of physical 
science comcG out in the passage I hare 
italicized. " The special study of living 
beings is based upon a general study of 
the laws of life 1" "What little I know 
about the matter leads mo to think that, 
if M. Comte had possessed the shghtcat 
practical acquaintance with biological sci- 
ence, ho would have turned his phraseo- 
logy upside down, and have perceived 
th^t we can have no knowledge of the 
general laws of life, except that which is 
based upon the study of pariicular living 
beings. 

The illustration is surely unluckily 
chosen ; but the language in which these 
so-called abstract sciences are defined 
seems to mo to bo still more open tn 
criticism. With what propriety can as- 
tronomy, or physics, or chemistry, or 
biology, bo said to occupy themselves 
with the consideration of " all conceivable 
eases" which fall within their respective 
provinces ? Does the astronomer occupy 
himself with any other eyateni of tho uni- 
verse than that which, is visible to him f 
Does ho speculate upon the possible 
movements of todies which may attract 
one another in tho inverse proportion <rf 
the cube of their distances, say } Does 
biology, whether " abstract" or " con- 
crete," occupy itself with any other fomi 
of life than those which exist, or have 
existed ? And, if the abstract aeieuces 
embrace all conceivable cases of Iho 
operation of the laws with which they 
arc concerned, would not they, neces- 
sarily, embrace the subjects of tho con- 
crete sciences, which, inasmuch as they 
exist, must needs be conceivable ? In 
fact, no such distinction as that which 
M. Comte draws is tenable. The first 
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stage of 111- - Inssilication breaks by il? 

liut granli.i^.'M. Comto bis six abstract 
swenccs, ]j(! proceeds toairango them Jic- 
i-onling to what lie calls their natural 
order or iiicrarehy, their places in this 
hierarchy being determined b_v the degree 
of generality and simplicity of the con- 
ccptioDs wiih ivhicli lliey deal, filathe- 
mntica oeciipiea the first, astronomy the 
second, physics liiG third, chemistry the 
fonrtli, biology the Tiflh, and sociology 
the Bixlli nnd last place in the series, M. 
Conite's arguments in favor of ihisclassi- 
ficalion lire first — 

" Sa eonrormltu csGenliellu iitec )n co-ordi- 
iintioD, CD quelqiie serte spoeluuee. i|ui s'> 
irouve en cffet implicilemeut admlfu pur i*s 
savants livies & VilaAe Cea direrao bruDciits 
lie Iti philosopliio DDlurcllc." 

lint I absolutely deny the existence of 
this conformity. If there is one tiling 
clear abont the progress of modem sci- 
ence, it is tho tendency to reduce all aei- 
cntific problems, except lliuse which arc 
purely mathematical, to ((uestions of 
molecular physics— that is to say, to the 
attractions, repulsions, motions, nnd co- 
ordinstioii of the ultimate particles of 
matter. Social phenomena are thcresult 
of the interaetioa of the components of 
society, or men, with one another and 
tho surronnding universe. But, in the 
language of physical science, which, by 
the nature of the ease is meterialistic, tho 
actions of men, so far as they arc reeog- 
ni»ublc by science, arc the resnlls of 
molecular diongea in the matter of which 
they arc composed ; and. in the long run, 
tbcie must come into the hands of the 
physical. A fortiori, the phenomena of 
biology and of chemistry are, in their 
ultimate analysis, questions of molccaliir 
physics. Indeed, the fact is acknowJ- 
edged by all chemists and biologists who 
look beyond their immediate occupations. 
And it is to be observed, thst Ihe phe- 
nomena of biology arc as directly and 
immediately connected with molecular 
pbjraics us are those of chemistry. Molar 
pliyMCs, chemislry, and biology arc not 
three successii'e steps in the ladder of 
knowledge, as M. Comte would have us 
beliete, but three branches springing 
{roRi the eommoii stem of moleeular 
I^VBicB. As hi nstrononiv, I am at iv 
toM to uodorstand hoiv any uui who wl'l 



give ti moment's attention to tho nature 
of the seieneo can fail to see that it con- 
sists of two porta : first, of a dcseription 
of the phenomena, which is as much en~ 
titled as descriptive zoology, or botany, 
is, to tho name of natural history ; and 
secondly, of an explauation of the phe- 
nomeua, furnished by the laws of a force 
— gravitation — the study of which is as 
much a part of physics as is that of heat, 
or electricity. It would be just as rea- 
sonable to tunkc the study of the heat of 
the sun n science preliminary to the rest 
of thennotics, as to place the study of 
tlio attraction of tho bodies which com- 
pose the univcnto in general before that 
of the particular terrestrial bodies which 
alone we can u\perimcn tally know. As- 
tronomy, in fact, owes its perfection to 
the circQiu-ttance that it is tho only 
brr.nch of natural Iiistory, the phcnomowi 
of which arc largely expressible by 
i»fttlieui!.tieal conceptions, and which can 
be, to a great extent, e;:plaLned by the 
application of very simple physical laws. 

With regard to mathematics, it is to 
he observed, in the first place, that M. 
Comte mixes up under that head the pure 
relations of space and of quantity, which 
are properly includod under the name, 
with r.Ltionnl mechanics and statics, which 
arc mjilhemritical dovelopuients of the 
most general conceptions of physics, 
namely, tin: notions of force and of mo- 
tion. Uelegxtiiig these to their proper 
place in physics, wo liave left pure mathe- 
matics, which can stand neither at the 
head, nor at the tail, of any hierarchy of 
the scienoes, since, like logic, it ia 
equally related to all ; though the enor- 
mous practical difKculty of applying 
mithematiea to the more complex phe- 
nomena of nature removes them, for the 
present, out of its sphere. 

On this subject of mathematics, (u;ain, 
M. Comte indulges in assertions which 
can only be aoeounted for by his total 
ignorance of physical science practically. 
As for example : 

" C'est done par rSlnde des mathSma- 
1ii[UeSj el teiilementpar e!le, que Ton pent se 
Tairc une ld£o juile et itpprofandie do ce que 
c'ust qu'une seieaef. VeM ]3, unigiiemeiU 
qLi'ou doil cherelier S. ooanaitra avec pre- 
cision la iTiSthode ffiiiSm'.i qve I'espnl humain 
einpttne eonntainment dan' Mum tes rrelierehea 
ponilicen. puree que niills part ailleurs les 
questions no suul rfisolues (I'uac manl^ro 
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aussi (KimpISio p.t lea dfdiTctioas pro10Dg€ea 
aiiaai loin nvec uue sfepiiritS rignureiiae. 
O'est la tgalument que notre enteuderaanC 
a doQQe le3 plu3 ^mndea preuves d« sa forcB, 
parue quB iL'Sidees qii'll yconsldfirD sont du 

Plus buul tt<?grS d'nbiitriictloii possible dans 
ordrc poBitiC. 7bufe ediiiaUoii eekntijique 
gill ne lammeneepoint pur uue teUe itude paJie 
done nleeamivement par sa base.. " 

That is to aay, the onlj stud/ wliich eaii 
confer "a just and coTOprclicnsivo idea 
of what is raeant by pcience," and, attho 
Bamo time, fnrnisli an exact conception 
of the general method of Ecientific inves- 
tigation, is that which knows nothing of 
observation, nothing of experiment, noth- 
ing of induction, nothing of causation ! 
And education, the whole secret of which 
consists in proceeding from the easy to 
the diiRcait, tlie concrete to the abstract, 
ought to be turned the other way, and 
pass from the abstract to the concrete. 

M. Comte puts a second argument in 
favor of his liierarchy of the seiencea 

" Un aecond caTai-tSrc IrSa-essenti'!! do 
nnlre claBsification, t'.'est d'Etre nCceasaim- 
ment conforme a Tordre ellectif du dfivelop- 
pfcifut de la philosopliie natntelle. C'est 
ce que v^rifin tout ce qu'oo sait da rbbtcira 
due sckaces." 

But Mr, Spencer has so thoroughly and 
completely demonstrated the absence of 
any correspondence between the hiatorical 
development of the sciences, and their 
poaition in tlie Comtean hierarchy, in his 
caaay on tho " Geneeis of Scienee." that 
I shall not waste time in repeating hia 
refutation. 

. A third proposition in support, of the 
Comtean cla3si6cation of the sciences 
stands as follows ; 

"En troisieme lieu celte elassificalion 
prfiaenle In tiropriSle Ir^s-reraorquiilile dc 
msrquer exuctement la perfecllou reladve dta 
differenlus Fciences, laquelle consiste eaaeu- 
tielicmtat duns le degre de ptficiaiim dea 
C'lniinii^sunceR et dans leur co-ocdluii 




uplua 

I am quite unable to understand the 
distinction which M. Comte endeavors 
to dmw in thla passage, in epite of his 
amplifications further on. Every science 
must consist of precise tnowledge, and 
that knowledge must be co-ordiniited iuto 
general proportions, or it is cot seieuce. 
When M. Comte, in exempli Heal ion 
of the statement I have cited, says that 
" lea pheaomones organiques ne coiii- 
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portent qu'uno ^tnde k la foi 
acte et moins syetematique <]ue Ics pliu- 
nomenes dea corps bruta," I am at a Ihm 
to comprehend what he means. If ( 
affirm that " when a motor nerve is irii- 
tated, the muscle cotineeted with it ho- 
cotnes simultaneously shorter and thicker, 
without changing its volume," itappciM 
to me that the statement is aa precise Or, 
exact (and not merely as true] as that rfi 
tho physicist who should say, tiuft' 
" when a piece of iron is heated, it bC' 
comes simultaneously longer and thiokOT 
and increases in volume ;" norcanldi*- 
cover any difEerence, in point of pTeti< 
sion, between the statement of tho inof^ 
phological law that " animals whiok 
suckle their young have two occipital 
condyles," and the enunciation of thft 
physical law that " water subjected IS 
clectrolyaia ia replaced by an equal wei^tl 
of the gases, oxygen and hydr<^n." 
As for anatomical or physiological inve^ 
tigation being less " systematic" dnw 
that of the physieist or chemist, the ai- 
sertion is simply unaceountablo. The. 
methods of phyaieal science 
where the same in principli 
physiological investigator wh 
" systematic" would, on tho whole, break 
down rather sooner than tho inqniiBr 
into simpler subjects. 

Tims M. Comto's cJasaifi cation of the 
sciences, under all its aspects, appears to 
mo to be a complete failure. It ia im- 
possible, in an article which is already too 
long, to inquire how it may be replaced 
by a better ; and it is the leas necessary to 
do so, as a second edition of Mr. Spencer's 
remarkable essay on this subject has jusi 
been publisiiod. After wading throu^ 
pages of the long-winded confusion anil 
second-hand information of tho " Philo- 
sophic I'ositivo," at iho tisk of 
cerehra!e—\t is aa good as a showeF-bath 
to turn to the '" Claasificalion of tho Sci- 
eneea," and refresh oneself with Mr. 
Spencer 'a profound ihoiigiit, preciae 
knowledge, and clear language. 

II. Tho second proposition to which I 
have conmiitted myactf, in the paper tff 
which I have been obliged to refer w> 
often, is, that tho " Positive Pliilosn- 
phy" contains " a great deal whish Is w 
thoroughly antagonistic to tho very »■ 
sence of science as is anything in ultrn' 
montane Catholicism." 
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What I refer to in those words, is, on 
the one hand, the dogmatism and narrow- 
ness whiuh so often mark M. Comte's 
<!iscufl&ion of doctrines wLicb he does not 
like, and reduce his opreseions af opin- 
ion to mero passionate puerilities ; as, 
for example, when he is aiding against 
the assumption of an ether, or when lie 
is talking (I cannot call it arguing) 
against psychology, or political economy. 
On the other hand, I allude to the spirit 
of meddling syatcmatiaition and reeula- 
tion which animates even the " Philoso- 
phic Positive," and breaks out, in the 
latter voinmes of that work, into no un- 
certain foreshadowing of the anti scientific 
monstrosities of Comto's Uiter writings. 

Those who try to draw a line of de- 
marcation between the spirit of the 
•' Fhilosophie Positive," and that of 
llio " Politique" and its auccessora (if I 
may express an opinion from fragmentary 
knowledge of these last), must have over- 
looked or forgotten whiil Comtc him- 
self labors to show, and indeed sncceeds 
in proving, in the " Appondice General" 
of the "Politique Positive." "Dos 
moD debut," he writes, " je tentai de 
fonder lo nonvean pouvoir spirituel quo 
j'inatitac anjourd'hui." " Ma politiijuc, 
loin d'etre aucuncmcnt oppos(>e a ma 
philosophic, en const itua tellemcnt la 
snito natarcUe qucccllc-ci futdirectcmcnt 
instituee poar scrvir de base u ecltc-la, 
coRime le proave cet appendice." 

This is (juite true. In the remarkable 
essay entitled '^Considerations Kur lb 
Ponvoir spirituel," published in March, 
1S2G, Comtc advocates the establishment 
of a " modern spiritual power," whiuh, 
ho anticipates, may exercise an even 
greater influence over temporal affairs 
titan did the Catholic clergy, at the 
lielght of their vigor and independence, 
ID the twelfth century. This spiritual 
power is, in fact, to govern opinion, jind 
to have the supreme control over educa- 
tion, in each ntition of the West ; and 
the spiritual pov/era of the several Euro- 
pcMi peoples arc to buusfociated together 
imd placed under n common direction or 
" aonvoraincte spirituolle." 

A system of " Catholicism minus 
Chfiatianity" was therefore completely 
Oif^ized in Comtc's mind, four veara 
i>eforo the first volume of the " i'liiloso- 
phie Positive" was written; and natur- 



ally, the papal spirit shows itself in that 
wo'rk, not only in tlio ways I have 
already mentioned, but, notably, in the 
attack on liberty of conscience which 
breaks out in the fourth volume : 

" II n'yo point fle libertS de conscience en 
astronumic. en phjaique, en ehlmie. eu pliy' 
sLologie mSme, en ce sens que chncun iruu- 
verait absucile de no |iu3 croire de conBance 
aux prlncipus ftublis dans les sciences par lea 
Iiommea com patents." 

" Nothing in ultramontane Catholi- 
cism" can, in my judgment, be more com- 
pletely sacerdotal, more entirely anti- 
scientific, than this dictum. Ail the 
great steps in the advancement of science 
have been made by just those men who 
have not hesitated to doubt tlie " princi- 
ples established in tho sciences by com- 
petent persons ;" and tiie great teaching 
of science — tho great use of it as an in- 
strument of mental disoipiinc — la its con- ■ 
stant inculcation of tho maxitn, that the 
solo ground on which any statement has a 
right to be believed is tlio impossibility 
of refuting it. 

Thus, without travelling beyond the 
limits of tho " Pbilosophio Positive," 
we find itsi author contemplating tlio es- 
tablishment of a system of society, in 
wliich an organi.-:cd spiritual power ^all 
override aud direct the temporal power, 
as completely us tho Innocents and 
Grcjorya tried to govern Europe in tho 
miildleages ; aud repudiating the oxercisa 
of liiicrty of conscience against tha 
" hommcs competenls," of whom, by thn 
assumption, the now priesthood would ^ 
be composed. Was Mr. Congreve as 
f .)rgctf 111 of this, as ho seems to have been 
of sime other parts of tho " Philosophio 
Positive," when he wrote, that " in any 
limited, careful use of the tenn, no can- 
did man could say that the Positive 
Philosophy contained a great deal as 
thoroughly ant^onistic to [the very es- 
eencoof*] scienca as Catholicism" ! 

M. Comtc, it will have been observed, 
desires to retain the whole of Catholic 
organization ; and the logical practical 
result of this part of his doctrine would 
be the cstablisbraent of something corre- 
sponding with that eminently Catholic, 
but admittedly anti-seientific, institution 

* Mr. Congreve leaves out these importsnl 
words, wliicU show Ihal I refpr lo Ihe spirit, 
and not to Iho details of science. 



—the Holy Office. 

I hope I have said enough to show thst 
I wrote the few lines I devoted to M, 
CoiDtc and his philosophy, neither uti- 
guardedly nor in^norantly, still lees mali- 
ciously, I shall he sorry if what I hnve 
now added, in my own juatification, 
should lead any to suppose that I think 
M. Comte's works worthless ; or that I 
do not heartily respect and sympathize 
with those who have been impelled by 
him to think deeply upon social prob- 
lems, and to strive noblv for social re- 
generation. It ifi the virtno of that im- 
pulse, I helieve, which will save the 
name and fame of Augusto Conitc from 
oblivion. Aa for his philoiophy, I part 
with it by quoting his own words, re- 
ported to me by a quondam Comtist, 
now an eminent merahi;r of the Institute 
of France, M. Charles Robin : 

" La Plillosopliio est une teutBlivu inee<'- 
eauiB de I'cspriL Luniuin pour arriver au lu- 
^□s : mais elle ae Irouvo Incesaamment iiussi 
oSroog^H par 1c!< progris continns de la 
Bcieui.'e. Do 11 vient ponr lu pliiloBoplio 
robliKation lie refaire cbaquesoitlu synlli^Ee 
de ses concept io us ; et un juur viundni ou 
rhomme raisonnablo nu fera plus d'liuito 
priSredu soir." 



ON A PIECE OF CHALK. 



Were the thin soil which coveri it sQ 
washed away, n curred hand of whit« 
chalk, here broader, and there narrower, 
might ho followed diagonally across Engr 
land from Lulworlh in Dorset, to Flam- 
borough Head in Yorkshire— a distance 
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If a well were to be sunk at our feet 
in tiia midst of the city of Norwich, the 
diggers would verj' soon find themselves 
at work in that white substance uhnost 
too soft to ho called rock, with which 
wc are all familiar as '' i;]i;Uk." 

Not only here, but over the whole 
county of Norfolk, the well-sinker might 
carry bis shaft down many hundred feet 
withont coming to the end of the chalk ; 
and, on the sea-coast, where the waves 
have pared away the face of the land 
which breasts tbem, the scarped faces of 
the high cliffs are ofien wholly formed 
of the same material. Northward, the 
chalk may bo followed as far as York- 
shire ; on the south coast it appears 
abmptty in the picturesque western bays 
of Dorset, and breaks into the Needles of 
the Isle of Wight ; while on the shores 
of Kent it supplifs that long lino of 
white cliffs to which England owes her 
name of Albion. 



From this band to the North Sea, on 
the east, and the Channel, on tho south, 
rhe chalk is largely hidden by other de- 
posits : but, except in tho Weald of 
Kent and Sussex, it enters into tho very 
foundation of all the south-oastem coun- 

Attaining, as it does in some places, a 
thickness of more tlian a thotisaud feet, 
the English chalk must be admitted to 
be a mass of considerable magnitude. 
Nevertheless, it covers hut an insignifi- 
cant portion of tile whole area occupied 
by the chalk formation of tho globe, 
which Las precisely tho same general 
characters as ours, and is found in de- 
tached patches, some less, and others 
more extensive, than tho English, 

Chalk occurs in north-west Ireland ; it 
stretches over a largo part of France — the 
chalk which underlies Paris being, in 
fact, a continuation of that of tho Ltm- , 
lion basin ; it runs through Denmark and 
Central Europe, and extends southward 
to North Africa ; while eastward, it ap- 
peals in tho Crimea and in Syria, and 
may be traced as far aa the shores of the 
Sea of Aral, in Centra! Asia. 

If all the points at which truo chalk 
occurs were circumscribed, they wonid 
lie within an iregular oval about 3000 
miles in long diameter — the area of which 
would bo as groat as that of Europe, and 
would many times exceed that of tho 
laigcst existing inland sea — the Mcditer- 

Thus tliG chalk is no nnimportant ele- 
ment in the masonry of the earth's crust, 
and it impresses a peculiar stamp, rarj-- 
ing with tho conditions to which it ia 
exposed, on the scenery of the districts 
in which it occurs. The undulating 
downs and rounded coombs, covered 
with sweet-grassed turf, of our inland 
chalk country, have a peacefully domes- 
tic and mutton -suggesting prettiness, 
but can hardly be called either grand of 
beautifni. But on our southern coasts. 
the wall-sided cliffs, many hundred feet 
high, with vast needles and pinnaclca 



ON THE PHYSICAL BASIS OP LIFE. 



standing out in the sen, sharp (.ml soli- 
tary enough to fwrve as perchen for the 
wary cormorant, confer a wonderful 
beauty and granileur upon the chal); 
headlands. And in the East, chalk has 
its share in thii formation of some of 
the most venerable of mountain ranges, 
such as the Lebanon. 

What is this wide-spread component 
nf the surface of the earth ! and whence 
did it come ! 

You may think this no very hopeful 
inquiry. You may not unnaturally sup- 
poi^o that tho attempt to solve such prob- 
lems as these can lead to no result, saro 
that of entangling the inquirer in vaguo 
speculations, incapable of refutation and 
of verification. 

If such were really the case, I shonld 
hare selected some other Eubject thnn a 
" piece of chalk" for my diecoursc. 
But, in truth, after much deliberation, I 
have been unable to think of nny topic 
which would so well cuiiblo ma to lead 
yuu to Rcc how solid is the foiiudution 
npon which some of the most sturt- 
ling conclusiocs of phy.tical science rest. 

A great chapter of the hbtory of Ihu 
vorld is written in the chalk. Fevr pas- 
sages in the history of man can be sup. 
purled by such an overwhclmiu^ mass uf 
direct und indirect evidence as tuat which 
testiGes to the truth of the fragment of 
tho hiatoty of tlie globe, which I hope 
to enable jou to read, with your own 
eyes, to-night. 

Let nie iidd, that few chapters of hu- 
man history have n more profound signi- 
ficance for onraolvcs, I weigh my words 
well when I assert, that the man who 
should know tho true history of the bit 
of chalk which every carpenter carries 
■bout in his breeches-pocket, though 
ignorant of all other history, is likely, if 
ho will think his knowledge out to its 
nltiinate results, to have a truer, und 
therefore a better, conception of thi;i 
wonderful universe, and of man's relation 
to it, than the most learned stuileut who 
U deep-read in the records of humanity 
and ignorant of those of nature. 

The languuge of tho chalk is not hard 
to loarn, not nearly eo hard us Lalin, if 
yaa only want to get at the broad fea- 
tures of the story it has t.) lull ; mid I 
propose thai wu now set to work to npill 



that story out together. 

Wcnil know that it wo" bum" ebnifc, 
the result is quicklime. Chalk, in fact, 
is a compound nf carbonic acid gas and 
lime ; and when vou make it very hot, the 
c.irbonie acid thes away and the lirac U 
k-ft. 

By this method of procedure we ace 
tlie lime, but we do not see the carbonic 
acid. If, on the otlier hand, you were 
to powder a little cbalk and drop it into 
a good deal of strong vinegar, there 
ould lo a great bubbling and fizzing, 
and finally a clear liquid, in which no 
3 gn of ! oik would appear, iloro you 
sec tie calonie acid in tho bubbles ; 
tho 1 me J ssolvcd in tho vinegar, ^an- 
s! OS f o s ghl. There are a great 

anj oti cr ays of showing that chalk 
s esscn all^ nothing but carbonic acid 
and ^u ckl . Chemists enunciate ihii 
r suit of all I c experiments which prove 
this, by staling that chalk is almost 
wholly composed of " carbonate of lime.'" 

It is desirable for us to Ftart from the 
knowledge of lliis fact, though it may 
not eeciii to lielp us very far toward what 
wo seek, for earbonato of lime is a 
widely-sprciid substance, and is met with 
Dndervery various conditions. All sons of 
limestonea are composed of more or leas 
pure carbonate of lime. Tho crust which 
13 often deposlleil by waters which have 
drained through limestone rocks, in tlie 
form of what are called stalagmites and 
stalactites, is carbonate of lime. Or, to 
take a more familiar example, tho fur on 
the inside of n tea-kettle is carbonate of 
lime ; ond, for anything chemistry telU 
us to the contrary, the clialk niilrht he a 
kind of gigantic fur upon \\w biitlciii "f 
Iho earlii- kettle, wl.icU ia kept prriiy 
hot below. 

Let us trr another method of making 
tho chalk tell us its oivn history. To 
the unassisted I'vc chalk looks eiiDpIy 
like a very lunse and open kind of stone. 
Ilul it is possible to grind asliceof chalk 
Hiiwn BO tbin that you can sec through it 
— uuiil it is thin enough, in fact, to be 
examined with any roagniij.ng power 
that limy he tboiighi deBirsble. A ''''n 
slice of iho fur of a kettle might be mu...^ 
in the same way. If it were cxamiiidl 
micro.«copically, it would show ilstlf m 
lie a more or Il-ss distinctly latuinaifd 
iiiinera! subsUmcc, und nothing more. 
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e slice of chalk presents a totally 
'lilTL'rcnt appearance when placed under 
1 tie niicroacopo. Tiie general maaa of it 
lA made up of very minitte granules ; but, 
imhedded In this matrix, are innuincra- 
lile bodies, some smaller and some larger, 
Imt, on a rough average, not more than 
n hundredth of an inch in diameter, hav- 
ing ft well-defined shape and structure. 
A cubic inch of some specimens of ohalk 
may contain hundreds of thousands of 
these bodies, compacted together with 
incaleulablo milliofis of the granules. 

The examination of a transparent slice 
gives i> good notion of the manner Jn 
which the components of the chalk aro 
arranged, and of their relative propor- 
tions. But, by rubbing up some chalk 
with a brush in water and then pouring 
off the milky fluid, eo as to obtain sedi- 
ments of different degrees of fineness, 
the granules and the minute rounded 
bodies may be pretty well separated from 
one auother, and submitted to micro- 
scopic examination, either as opaauo or 
ns transparent objects. By comoiniug 
the views obtained in these various 
iLietbods, each of the rounded bodies 
iiiay be proved to bo a beautifully- con- 
structed calcajcous fabric, made up of a 
number of chambers, com in un Seating 
freely with one another. The chambered 
bodies are of various forms. One of the 
commonest is something like a badly- 
grown raspberry, being formed of a 
number of nearly globular chambers of 
different sizes congregated together. It 
is oallod Oiobiff&rina, and some specimens 
of chalk consist of little else tlian Glabi- 
perinte and grannies. 

Let us fix our attention upon the Globi- 
gerina. It is the spoor of the game we 
are tracking. If we can learn what it is 
and what are the conditions of its exist- 
ence, we shall see our way to the origin 
and past history of the chalk. 

A suggestion which may naturally 
enough ;irescnt itself is, that these curi- 
oits bodies nro the result of some process 
(if aggregation which has taken place in 
the carbonate of lime ; that, just as in 
winter, the rimo on our windows simu- 
lates the most delicate and elegantly 
iirhorescont foliage — proving that the 
mere niinem! mutter may, under certain 
conditions, ii»»umc the outward form of 
budies — BO this mineral sut- 




Btaneo, carbonate of lime, hid;]on Bwni 
in the bowels of the earth, has taken t! ^ 
shape of these chambered hodit'S. I n, 
not raising a merely fanciful and iinri'Ht 
objection. Very learned men, in furrinjr 
days, have even entertained the nolitni 
that all the formed things found in roct» 
are of this nature ; and if no such con- 
ception is at present held to be admissi- 
ble, it is because long and varied experi- 
ence has now shown that mineral matter 
never does assume the form and stnicturs 
we find in fossils. If anyone were to try 
to persuade you that an oyster-shell (which 
is also chiefly composed of carbonate of 
lime) liad crystallized out of sea-water, I 
suppose you would laugh at the absiirdily. 
Your laughter would bo justified by the 
fact that all experience tends to show 
that oyster-shells arc formed by the 
agency of oysters, and in no other way. 
And if there were no better re.-isonH, we 
should ho justified, on like grounds, in 
believing that Olohigerma is not llie 
product of aujtliing but vital activity. 

Happily, however, better cvidcne^ in 
proof of the organic nature of the Olobi- 
i/erina tlian that ol analogy is forthcom- 
ing. It so happensthatcalcareoua skele- 
tons, exactly similar to the Globigerirux 
of the ehalk, aro being formed, at the 
present moment, by minute living crea- 
tures, wlii<:h fiourish in multitudes, litei^ 
ally more numerous than the sands of the 
sea-shore, over a large extent of that part 
of the earth's surface which is covered by 
the ocean. 

Tlie history of the discovery of thoae 
living GlohiffeHtia, and of the part which 
they play in roc"; building, ia singular 
enough. It is a discovery which, like 
others of no less scientific importance, 
has arisen, incidentally, out of work do- 
voted to very different and exceedingly 
practical interests. 

When men first took to the sea, they 
speedily learned to took out for shoals 
and rooks ; and the more the burtlien of 
their ships increased, the more impera- 
tively necessary it became for sailors to 
ascertain with precision the depth of the 
waters they traversed. Out of this nccen- 
sity grew the use of the lead and Bound- 
ing lino ; and, ultimately, marine -survey- 
ing, which is the recording of the form 
of coasts and of the depth of the sea, as 
ascertained by the aoun ding-lead, upon 



charts. 

At tho same time, it Lecame desiralilo 
to ascertain and to indicate the tijiture of 
tlio sea-bottoin, since this circuinBtance 
greatly aSects its goodness as holding 
ground for anchors. Some ingenious 
tar, whose name deserves a better fate 
than the oblivion into wLich it has fallen 
attained tliia object by " nnning" the 
bottom of tile lead with a lump of grease, 
to which more or less of the sand or rand, 
or broken shells, as the case might be, 
adhered, and was brought to the surface. 
Bat, however well adapted such an ap- 
paratus might be for rough nautical pur- 
poses, scientific accuracy could not be 
expected from tho armed lead, and to 
remedy its defects (especially when ap- 

E'ted to sounding in grpat depths) Lieut. 
rooke, of the American Navy, some 
years ago invented a most ingenious ma- 
chine, by which a considerable portion 
of the superficial layer of tho sea-bottom 
can bo scooped out and brotight up, from 
any depth to which the lead descends. 

In 1853, Lieut. lirooke obtained mud 
from tho bottom of tho North Atlantic, 
between Newfoundland and the Azores, 
a depth of more than 10,000 feet or 
two miles, by the help of this sounding 
^paratus. Tho specimens were sent for 
examimiL.un to Bhrenberg of Berlin, and 
to Bailuy of West Point, and those able 
microscopista found that this deep-sea 
mud was almost entirely composed of the 
Bkelctons of living organisms — the greater 
proportion of these being just like the 
OUbigerince already known to occur in 
the chalk. 

Thus far, tho work had been carried 
)n simply m the interests of science, but 
Lieut. Brooke's method of sounding ac- 
qaired a high commercial value, when 
the enterprise of laying down the tele- 
raph-cable between this country and the 
nited Stiitea was undertaken. For it 
became a matter of immense importance 
to know, not only the depth of the sea 
oyer the whole lino along which the cable 
waa to be laid, but the exact nature of 
the bottom, so as to guard against chances 
of cutting or fraying the strands of that 
costly rope. The Admiralty consequent 
\j ordered Captain Dayman, an old 
bicnd end shipmate of mine, to aseertain 
the depth over tho wholo line of the 
cable, and to bring back specimens of 



the bottom. In former days, such & 
command as this might have sounded 
very much like one of the impossilile 
things which tho young prince in the 
Fjiiry Tides is ordered to do before hu 
Ciin obtain tho hand of tho princess. 
However, in tho months of Juno and 
July, 1857, my friend performed tho 
task assigned to him with great expedi- 
tion and precision, without, so far as T 
know, having met with any reward of 
that kind. The specimens of AtlantiQ 
nmd which ho procured were sent to me 
to bo examined and reported upon.* 

Tho result of all those operations is, 
that we know tho contours and tho nature 
of the surface-soil covered by tho North 
Atlantic, for a distance of liOO miles 
from east to west, as well as wo know 
that of any part of the dry land. 

It is a prodigious plain — one of the 
widest andmosteven plainsin the world. 
If tho sea wore drained oS, you might 
drive a wagon all the way from Vnlcntia, 
on the west coast of Ireland, to Trinity 
Bay, in Newfoundland. And, c\ccpt 
upon one sharp inclino about 200 miles 
from Valentia, I am not quite sure that 
it would even bo necessary to ]>ut the 
skid on, so gentle are tho ascents and 
descents upon that long route. From 
Yalentia tho road would lie dowu'hill for 
about 200 miles to the point at which 
the bottom is now covered by 1700 
fathoms of sea-water. Then would come 
the central plain, more than a thousand 
miles wide, the inequalities of the sur- 
fiico of which would be hardly percepti- 
ble, though the depth of water upon it 
now varies from 10,000 to 15,000 feet ; 
and there are places in which Mont Blanc 
might ho sunk without showing its peak 
abuvn water. Beyond this, tho ascent 
on tho American side commences, and 
gradually leads, for about 300 miles, to 
tho Newfoundland shore. 

Almost the whole of tho bottom of 
this central plain (which extends for 
many hundred miles in a north and south 

• See Appeuclis In (Jiii>Liiiu Diiviiiuu's 
"Deep-sen Souuilinirs in tbcNotlh Allimtic 
Ocesu. between Ireland uud Newrounriland, 
miirie io H M.S. Cyclops, PublUlied b.v 
onler nf [lie Lords Cnmmissjoaers uf tlie Ad- 
rairally, 1858," They have sin cu formed the 
subject of an elaborate memoir by Messrs, 
Piiiker and Jonpfl, jjubliahed in tUe FhOa- 
iophical I'raiitaelioM tut W&. 
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direction) Is co7ot«d by a fine mnd, 
wliieli when brought to the snrfsce. 
dries into a grayish, white friable snb- 
stHiice. YoQ can write with this on a 
Viluckboard. if you are so inclined ; and, 
to the eyi', it is qnite like very soft, 
grayish chulk. Examined chemically, 
it proves to be composed almost wholly 
of c»rbonato of lime ; nnd if you make h 
Miction of it, in tito same way as that of 
tliQ piece of chalk wn.i made, and view 
it with the microscope, it presents innii- 
meraiiic GlobigeriiuB embedded in a 
granular matrix. 

Thus this deep-sea mud is aabstan' 
lially chalk. I say Hubstantially, because 
there are a good many minor diSor- 
enccs ; but as these hare no bearing on 
the ijucstion immcdiiiti;ly bcforo us — 
which is the nature of the Globigerinm of 
the chalk — it is unnecessary to speak of 
tlicm. 

GliAigerinee of erory size, from the 
RmallcHl to the largest, are asaociatcd to- 
gether in the Atlantic mud, and the 
cliainbcrs of many arc filled by a soft 
Hnimal matter. This soft subsLancB is, 
in fact, the remains of the creature to 
which the Glabigerina Bhell, or nither 
skeleton, owes its existence — and which 
I? an animal of tlie simplest imaginablo 
description. It is, in fact, a mere parti- 
cle of living jelly, without defined parts 
of any kind — without a mouth, nerves, 
muscles, or distinct organs, and only 
manifesting ila vitality to ordinary ob- 
(wrvatioii by ihrusting out and retracting 
from all parts of itr^ surface long filu- 
nientona processes, which serve for arms 
and legs. Yet this amorplious particle, 
devoid of evervthing which, in tlie 
lijghcr animals, wq call organs, is capable 
of feeding, growing, and multiplying ; 
of separating from the ocean the small 
proportion of carbonate of lime which is 
dissolved in sea-water ; and of building 
np that substance into a skeleton for 
iiself, according to a pattern which can 
be imitated by no other known agency. 

The notion that animals can Uve and 
flourish in the sea. at ihe vast depths 
froiu which apparently living Olobigerina 
have been liroiight up, does not agree 
very well witli our usual conceptions ro- 
«pectiug the conditions of animal life ; 
and it is not so aiisolutely impossible as 
it might at first sight appear to be, that 



the Globigtrina of the Atlantic eea-bot- 
torn tlo not live and die where they are 
found. 

As I have mentioned, the soundings 
from the great Atlantic plain are almoRt 
entirely made up of Qlobigeritut, with 
the granules which have been mentioned, 
and some few otiier calcareous shells ; 
but a small percentage of the chalky 
mud — perhaps at most some five per cent 
of it — IS of a different nature, and con- 
sists of shells and skeletons composed of 
silex, or pure flint. These siUccoaa 
bodies belong partiy to the lowly vege- 
table organisms which are called Diato- 
maccw, nnd partly "to the minute and 
extremely simple animals, termed Sadi- 
o/aria. It is quite certain that thciw 
creatures do not live at the bnttom of 
the ocean, but at its surface — where thoy 
may be obtained in prodigious nnmbers 
by the use of a properly conslrueted net 
Hence It follows that these siliceous organ' 
ism?, though they are not licavier than 
the liyihti'st dnst, must have fallen, in 
some wises, through fifteen thousand feet 
of water, before they reached their final 
resting- place on tlio ocean floor. And, 
considering Low large a surface these 
bodies expose In proportion to their 
weight, it Is probable that they occupy 
a great length of time in making thci? 
burial jonmey from the surface of the 
Atlantic to the bottom. 

But if the Rodiolaria and Diatoms-aru 
thus ralne<l upon the bottom of the sea, 
from the superficial layer of Its waters In 
which they tiass their lives, it is obvious- 
ly possible that Iho OlobigcrintB may bo 
similarly derived ; and If Ihcy were so, 
it would be much more easy to ondcr- 
stand how thoy obtain their supply of 
food tlian it is at present. Nevertheless 
the positive and negative evidence all 
points the other way. The akeletODB of 
ihc full-grown, deep-sea GlMgtrina Kn 
so remarkably solid and heavy in propor- 
tion to their surface as to seem littlo 
fitted for floating ; and, as a matter of 
fact, they are not to bo found along with 
the Diatoms and Radiolarm, in the np. 
permost stratum of the open ocean. 

It has been obsened, again, that the 
abundance of Gloliigeriine, in proportion 
to other organisms of like kind, increases 
with the depth of the sea ; and that 
deep-water Olohigeriuix are larger than 
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tliosB which live in shallower parts of the 
sen ; nnd such facts negative the suppo- 
aition that these organisms have heen 
swept by currents from ibe sLailows into 
tlio deeps of tlic Atlaniic. 

It therefore seems to he hfirdly doubt- 
ful that these wonderful creatures lii'c 
and die at the depths in which they arc 
found.* 

However, the important points for us 
are, that the living Globigerinie arc ex- 
cloaively marine auimals, the skeletons of 
which abound at the hottom of deep 
seas ; and that there is not a. sliadow of 
reason for believing that the habits of 
tho Olobigeriace of the chalk differed 
from those of tho existin*]; species. But 
if this be true, there is no cscapini; the 
conclusion that the chalk itself is the 
dried mud of un ancient deep sc;i. 

In working over the soundings' col- 
lected by Captain Dayman, I was sur- 
prised to find that many of what I have 
called the " granules" of that mud were 
not, as one might have been tempted to 
think at tirst, tho mere powder and waste 
of OlobigerhifE, but that they had n defi- 
nite form and size. 1 termed these 
bodies " coccolitk^," and doubted their 
oi^anic nature. Dr. Wallich verified my 
observation, and added the interesting 
discovery that, not uufrequently, bodies 
Bimilar to these " coccoliths" were aggre- 
gated together into spheroids, which he 
termed " eoccospkere^." So far as we 
know, these bodies, the nature of which 
is extremely puzzling and problematical, 
were peculiar to the Atlantic soundings. 

But, a few year* ago, Mr. Sorby, in 
making a careful examination of the 
chalk by means of thin sections and 

• During llie cruiaa cit H..\I.S. Biill-dog, 
commaiitied by Sir Leopold M'Ctintock. in 
1860. liviug Bfar-flsh Were broiifr'" "P. cling- 
ing Id Ihelnwiiil part uf Ihc snundlDg-liDc, 
from a depth of 1260 fBllioms. midway bo- 
iween C«pe Farcwpll. in Greenland, and Ibe 
RiX'kall banks. Dr. WalliL'h ascertained 
th"! Ibe seu'hnltom at lliis pnint consisted ot 
(henirliniin- f:h.hiq/-iina onxe. un<l that the 
■toinnehg of the star-flshes were full of GliM- 
g-riaa. ThisiiiBcovecy removes all objeelious 
to llie exlHtcuce of living Olobigeriim nt great 
deplhi>, wbich art) based upon llic supposed 
dimcully of maintaining uuimul life under 
BUcfa conditions : and It throws Iho liunlen 
of prtwt upon iboae wlio object to the sup- 
poeitiuo tliat the GhbigeriiuB live and di» 
yrheio uu^ a*i luuuu. 



otherwise, observed, as Ehrenbet^ had 
done before him, that much of its granu- 
lar basis possesses a definite form. Com- 
paring these fonned particles with those 
in tho Atlantic sonndings, he found 
the two to be identical ; and thusproved 
that the chalk, like the soundings, con' 
tains thcso mysterious coccoljihs and coc- 
oosphcros. Here was a further and a. moat 
interestinft confirmation, from internal 
evidence, of the essential identity of tho 
chalkwith modern deep-sea mud. Olobt- 
gerina, coccoliths, and coccospheres aro 
found as the chief constituents of both, 
and testify to the general similarity of 
the conditions under which both hare 
been, formed.* 

The evidence furnished by the hewing, 
facing, and superposition of the stones 
of tlto Pyramids, that these stractitreB 
were built by men, has no greater weight 
than the evidence that the chalk was 
built by Globigerince ; and tho belief that 
those ancient pyramid-builders were ter- 
restrial and air-breathing creatures like 
ourselves, is not better based than thu 
conviction that the chalk-makers lived in 
thu sea. 

But as our belief in the building of 
tho Pyramids by men is not only ground- 
ed on the internal evidence aSorded by 
these structures, but gathers strength 
from multitudinons collateral proofs, and 
is clinched by the total absence of any 
reason for a contrary belief ; so tho evi- 
dence drawn from the Globigeriam that 
the chalk is an ancient sea-bottom, is for- 
tified by innumerable independent linen 
of evidence ; and our belief in the tnith 
of the conclusion to which all positive 
testimony tends, receives the like nega- 
tive justification from tho fact that no 
other hypothesis has a shadow of founda- 

It may be worth while briefli to con- 
sider a few of these collateral proofs that 
the chalk was deposited at the bottom oii 



the s< 



* I have recently trnced out the develop- 
ment oC the " cl>tM^o!ilhB■■ from a diameter 
of Wiiath of an intb up to their largest size 
(wbieb is about TAuth). and no longer 
doubt fhat they are produced hy independent 
orpiniams, wliicb. like Ibu GUibigerina, live 
aad dlo at the bottom uf tUe sea. 
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of Olohigerims, and other aloiple ot^n- 
isma, imbedded in granular matter. 
Hen; nnd there, hoVevur, tliia hardetiGd 
mud uf tliu DDcicnt sea reveals the re- 
mans of higher aniiaaU ^vhil.^h have lived 
and died, and left their hard parts in the 
mnd, JLiat aa the oyaters die aud leave 
their sheila behind them, in the mud of 
the |) resent scaa. 

There arc, at the present day, certain 
groups of animala which Hre uever fouod 
in fresh watcra, heing unahle to live any. 
where hut in the sea. Such are the 
corals ; those corallines which are called 
Polyzoa ; Iboso creatures which fahricaie 
the lamp-shells, and are called Braehiop- 
oda ; the pearly _A^[/ufi7us, nnd all animals 
allied to it ; and all the forms of sea- 
nrchins and stur-Sshes. 

Notonly are all these creatures confined 
to salt water at the present day ; hut, so 
far aa our records of the past go, the 
conditions of their existence have been 
the same ; hence, their occurrence in any 
deposit is as strong evidence us can be 
obtained, that that deposit was formed 
in the sea. Now the remains of aaimala 
of all the kinds which have bccii enumer- 
ated occur iu the chalk, in greater or 
less abundance ; while not one of those 
forms of shell-fish which are characteristic 
of fresh water baa yet been observed in it. 

When we consider that the remains of 
more than three thousand distinct species 
of aquatic animals Iiave been discovered 
among the fossils of the chalk, that the 
great majority of them arc of such forms 
as are now met with only in the aea, and 
that there is no reason to believe that any 
one of them inhabited fresh water — the 
collateral evidence that the chalk repre- 
sents an ancient sea-bottom acquires as 
groat force as the proof derived from the 
nature of the chalk itself. I think you 
will now allow thati did not overstate ray 
case when I asserted that we have as 
strong grounds for believing that all the 
vast area of dry land, at present occupied 
by the chalk, was once ai the bottom of 
the sea, as we have for any matter of 
history whatever ; while there is no jus- 
tification for any other belief. 

No lea,* certain it is ihat the time dur- 
ing which thu couatries we now cull 
south-east En<;land, France, Gefmanv, 
Poland, Russia, Egypt, Aiabia, Syria, 
were ciore or leea contpletely covered by 



a dPep sea, was of considersTilc 'Inration. 

We have already seen that I he challc 
LA, in places, more than a thon^nd feet 
thick. I think you will agrcs with me, 
that it must have taken some linitt for 
the skeletons of animalcules of a hun- 
dredth of an inch in diameter to heap up 
such n mass as that. I have paid that 
throughout thu thickness of the chalk the 
remains of other animals are scattered. 
These remains are often in the most ex- 
quisite state of preservation. The valves 
of the shcll-fishcs are commonly adher- 
ent ; the lon<; spines of some of the sea- 
urchins, which would be detached liythe 
smallest jar, often remain in their places. 
In n word, it is certain that these Hnimala 
have lived and diedwhcnlhc place which 
they now occupy was tbo eurface of a> 
much of the chalk as had then been de- 
posited ; and that each has been covered 
up by the layer of Globit/erinn mud, upon 
which the creatures imbedded a little 
higher up have, in like manner, lived 
and died. Dul some of theso remains 
prove the existence of reptiles of vast size 
in the chalk sea, These lived their time, 
and had their ancestors and descendants, 
which assuredly implies time, replilee 
being of alow growth. 

There is more curious evidence, again, 
that the process of covering up, or, in 
other word?, the deposit of Globigerina 
skeletons, did not go on very fast. It is 
demonstrable that an animal of the cre- 
taceous set might die, that its skeleton 
might lie uncovered upon the sea-bottom 
long enough to lose all its outivard cover- 
ings and appendages by putrefaction ; 
Aud that, lifter this had happened, another 
animal might attach itself to the dead and 
naked skeleton, might grow to maturity, 
and might itself die before the caleareoua 
mud had buried the whole. 

Cases of this kind are admirably de- 
scribed by Sir Charles Lycll. Uc speaks 
of the frequency with which geologists 
find in tlio chalk a fossilized Hca-urehin, 
to which is attached the lower valve of a 
CTonia. This is a kind of shell-fish, 
with a shell composed of two pieces, of 
which, as in the oyster, one is fixed and 
the other free. 

" The upper valve is almost invariably 
wanting, tliuugh occjisionally found in a 
jieilt-ci siMtc of preservation in the white 
eliuik at Honiu distance. In this case, we 
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BPC claarly that tlie eea-urcbin first lived 
from yoiilli to ago, thun died and lost its 
spines, wliieli wero carried away. Tlien 
llic yoang Craitia adhered to tliii bared 
siiell, grew and perished in its turn ; 
after which, the nppor valve was Bt[>a- 
iftted from tho lower, before the Echinus 
became enveloped in chalky nind." * 

A speeiiuen in the MuBeiim of Practical 
Geology, inLondon, still further prolongs 
tlio period which must have elapsed be- 
tween the death of the itea-iirchin and 
its burial by the Globigerinai. For the 
outw^d face of the valva of a Crania, 
\thicb is attached to a sea-urchin (Mi- 
craster), is itself overrun by an incmsting 
coralline, which spreads then eo over more 
or leas of tho sarface of tho sea-urchin. 
It follows that, after the upper valve of 
the Crania fell off, tho surface of tho at- 
tached valve must have remained exposed 
long enough to allow of tho growth of 
the whole coralline, since corallines do 
not livo imbedded in the mud. 

Tho progress of knowledge may, one 
day, enable us to deduce from sncli facts 
as these the maxiinum rate at which the 
chalk can have accumulated, and thus to 
arrive at tbe minimum duration of the 
chalk period. Suppose that tbo valve of 
the Crania upon which a coralline has 
tiKed itself in the way just described is 
so attached to the sea-urchin that no part 
of it is more than au inch above the face 
upon which the sea^iu^hin rests. Then, 
as the coralline could not have fixed it- 
self, if the Crania had been covered up 
with chalk mud, and could not have lived 
had itself been ea covered, it follows, 
that an inch of chalk mud could not have 
Bccumuluted within tho time betueen the 
death and decay of the soft parts of tbe 
Boa-urchin and the growth of the coralline 
to the full size which it has attained. If 
the decay of the soft parts of tho sea- 
urchin ; the attachment, growth to ma- 
turity, and decay of tbe Crania ; and 
the subsequent attachment and growth 
of the coralline, took a year (which is a 
low estimate enough), the accumulation 
of the inch of chalk must have taken 
mare than a year : and the deposit of a 
thousand feet of chalk must, consequent- 



ly, have taken more than twelve thou- 

The foundation of all this calculation 
is, of course, a knowledge of the length 
of timotho CraniaAnd the coralhne need- 
ed to attain their full size ; and, on this 
head, precise knowledge is at present 
wanting. But there are circumstances 
which tend to show that nothing like aa 
inch of chalk has accumulated during tbe 
life of a Crania ; and, on any pri.ljable 
estimate of the length of that life, the 
chalk period must have had a much 
longer duration tlian that thus roQgbly 
assigned to it. 

Thus, not only is it certain that tho 
chalk is tbe mud of an ancient feii-bot- 
tom ; but it ia no less certain thiii tin 
chalk sea existed during an exlri'm^ly 
long period, though wo may not be pre- 
pared to give a precise estimate of tho 
length of that period ia years. The rela- 
tive duration is clear, though tho abso- 
lute duration may not be detinable. The 
attempt to affix any pieeise date to the 
period at which tho chalk sea began or 
ended its oxietence, is baffled by diSi- 
culties of tho same kind. But tho rela- 
tive ftjio of till- .:rctaccoua epoch may be 
determined with as great ease and cer- 
tainty as tbe long duration of that epoch. 
You will haye heard of tho intetestjng 
discoveries recently made, in various parts 
of Western Europe, of flint implements, 
obviouslj worked into shape liy lium;in 
hands, under circumstances whieli shun- 
conclusively that man is a very ancient 
denizen of these regions- 
It has been proved that tbe old popu- 
lations of Europe, whose existence naa 
been revealed to us in this way, consisted 
if savages, such as tlie Esquimaux are 
1 ow ; that, in the country which is now 
• ranee, they hunted the reindter, and 
were familiar with the ways of the mam- 
moth and the bison. Tho physical geog- 
raphy of France was in those days differ- 
ent from what it is now — the rivet 
Somme, for instance, having cut its bed 
a hur.dred feet deeper between that time 
and this ; and it is probable that the 
climate was more like that of Canada or 
Siberia than that of Western Europe. 

Tiio existence of these people is for- 
gotten even in tho traditions of the old- 
est historical nations. The name and 



4S3 



OH THE PHYSICAL BASIS OF I.rrE. 



fiinie of tlicra liiid iitlerlv vanished until 
A few years li^ii:k ; atjd tliu Einoiint of 
physical cliHDge wliidi lins been uSected 
BJucQ llii'ir day rcndcrt h moi'o than 
probniilc tbat, venerable ns arc some of 
the hisluriei'.l natJonR, the workers of the 
chipped dints of Uoxnc or of Amiens are 
to tlium, as they arc to us, in paint of 
antiquity. 

But, if we asaigD to these hoar relics 
of long-vaniahed generations of men the 
greatest age that can possibly be claimed 
fur them, they arc not older than tho 
drift, or boulder clay, which, in com- 
pnrison ^vith the chalk, is but a, very 
juvenile deposit. You need go no fur- 
ther than your own sea-board for evi- 
dence iif 'his fact. At one of the most 
ehanning spots on the coast of Norfolt, 
Cromer, ymi will see the boulder clay 
formiiif; a vast mass, which lien upon the 
chalk, and innxt consequently have conic 
into oxistcnco after it. Hugo boulders 
of chalk arc, in fact, included in the clay, 
and have evidently been brought to the 
position they now occupy by the sama 
agency as that -which han planted blocks 
of syenite from Norway aide by side with 
them. 

The chalk, then, is certainly older than 
the boulder clay. If you ask bow much, 
I will again take you no further than the 
eamc spot upon your own coasts for evi- 
dence. I have (spoken of the boulder 
clay and drift as resting upon tho ehalk. 
That id not strictly trnc. Interposed 
between the chalk and the drift is a com- 
paratively insignificant layer, containing 
vegetable matter. But that layer tells a 
wonderful history. It is full of stumps 
of tree* ufanding as they grew. Fir-trees 
are there with their cones, and hazel- 
bnshcs with their nuts ; there stand the 
stools of oak and yew trees, beeches and 
alders. Hence this stratum is apj^opri- 
ately c-alted the " forest-bed." 

It is obcious that the chalk must have 
been upheaved and converted into diy 
hind before the timber trees could (^row 
npor it. As the bolls of some of thtsc 
tiecs arc from two to three feet indiiiiiic- 
lcr, it is no less clear that the dry land 
thus formed remained iu the same con- 
dition fgr long i^jos. And not only do 
lite rcmainsof stately oaks and well-gronn 
lirs testify to tho duration of this eondi- 
tJun of thivj^, bat additional evidence to 



the same effect is afforded by the abum!- 
atit remains of elephants, rhinocerosen, 
liippopotarouses, and other prent wild 
beasts, which it haayieldetl to the zeatoua 
search of such men as the Rev. Mr. 

When you look at such a collection as 
he has formed, and bethink you that 
these elephantine bones did veritably 
carry their owners about, and these great 
grinders cnmeh, in tlic dark woods of 
which the forest-bed is now the only 
trace, it is impossible not to fee! that they 
are as good evidence of the lapse of time 
as the annual rings of the tree-stumps. 

Thus there is a writing npon the wall 
of cliffs at Cromer, and whoso runs may 
read it. It tells us, with an authority 
which cannot be impeached that the an~ 
cient sea-bed of t!ie chalk sea was raised 
up, and remained dry land, until it was 
covered with forest, stocked with tho 
great game whoso sDoils have rejoiced 
your geologists. How long it remained 
in that condition cannot be aaid ; but 
'■ the whirligig of time brought its re- 
venges" in those days as in these. That 
dry land, with the bones and teeth of 
generations of long-lived elephants, hid- 
den away among the gnarled roots and 
dry leaves of its ancient trees, sankgradn- 
ally to the bottom of the icy sew, which 
covered it witli hnge masses of drift and 
boulder clay. Sea-beasts, sueh as the 
walrus, now restricted to t!ie extreme 
north, paddled about where birds had 
twittered among the topmost twigs of the 
fir-trees. How long this state of things 
endured we know not, but at length it 
came to an end. The upheaved glacial 
mud hardened into the soil of modem 
Norfolk. Forests grew onte more, the 
wolf and the beaver replaced the reindeer 
Bud the elephant ; and at length what ' 
wc call the history of England dawned. 

Thus you have, within the limits of 
your own county, proof thnt the chalk 
can justly claim a very much greater an- 
t iqi.ity than even the oldest physical traces 
of mankind. But we may go further 
and demonstrate, by evidence of the same 
authority as that which testifies to the 
existence of the father of men, tbat tho 
chalk is vastly older than Adam himself. 

The Book of Genesis informs us that 
Adam, immediately upon his creation, 
and before the appearance of Eve, was 
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Jilftced in the garden of Eden. The prob- 
era of the geogmpliical position of Eden 
has greatly vcsed tbe spirits of the learned 
in such mntters, bnt there ia one point 
respecting which, so far as I know, no 
commentator has ever raised a doubt. 
This is, that of the four rivers which era 
said to nin out of it, EiiphrHtos and Hid- 
dokel ate identical with the tii'e'rs now 
known by the names of Euphrates and 
Tigris. 

But the wboio country in wliicli 
these mighty rivers take their origin, and 
throngh which they run, is composed of 
rocks which are cither of the same n(^ as 
the chalk, or of later date. So that the 
chalk must not only have been formed, 
but, after its formation, the time required 
for the deposit of these later rocks, and 
for their npheaval into dry land, mast 
have elapsed, before the smallest brook 
which feeds the swift Wreuni of " the 
preat river, the river of Babylon," began 
to flow. 

Thus, evidence which cannot be re- 
butted, and wliich need not be strength- 
ened, though if time permitted I might 
indefinitely increase i(s quantity, enmpels 
JOB to believe that the earth, from the 
ti^ie of the chalk to the present day, has 
been the theatre of a acriea of changes 
as vast ia their amoimt as they were 
slow in their progress. The area on 
which wo sitand has been first sea and 
then land, for at least four alternations ; 
and liaa remained in each of these condi- 
tions for a period of great length. 

Nor ha''o these wonderful inctamnr- 
phoaea of sea into land, and of land into 
sea, been confined to one comer of Eog- 
!and. During the chalk period, or 
" cretaceoaa epoch," not one of the 
present great physical featnrca of the 
globe was in existence. Our great moun- 
tain ranges, Pyrenees, Alps, Himalayas, 
Andes, have all been upheaved since the 
elialk wib deposited, and the crbtaceous 
Bp« flowed over the sites of Sinai and 
Ararat. 

All this is certain, because rocks (■;' 
rrctactous or still later date have "fbai-ed 
in Iho olevatory movements which gave 
lite to these mountain chains ; and may 
be found perched uf, in sme eases, 
iiutny tho.:!and feet high upon their 
flunks. And evidence of equal r.yfiai\y 



demonstrates that, 'Jiougli i'l Norfolk 
the forest-bed rest; '.irccly ujioii the 
chalk, yet it doen so, noi, bccuust' tho 
period at which tho fores* grew im- 
mediately followed that at which the 
chalk was formed, bnt because ;i:i immense 
lapse of time, represented plscwiieru iiy 
thousands of feet ff rock, is not iudi:;ate'i 
at Cromer. 

I must ask you to boliovo that there is 
no less conelnsive proof ihai a still more 
prolonged succeasion of similar changes 
occurred, before the chalk was deposited. 
Nor have we any reason to think that 
the firstterm in the series of these changes 
ia known. The oldest sea-beds preserved 
to us are sands, and mud, and pebbles, 
the wear and tear of rocks which were 
formed in still older occjins. 

But, great as is tho magnitude of these 
physical changes of tho world, they have 
been accompanied by a no leas striking 
series of modifications in iU living in- 
habitants. 

All the great classes of animals, brasls 
of the field, fowl* of tho air, creeping 
things, and things whiuh dwell in the 
waters, flourished upon the globe Jong 
ages before the chalk wa.s deposited. 
Very few, however, if any, of these an- 
cient forms of aniraai life were idenlicil 
with those which now live. Certainly 
not one of the higher animals was of tho 
same species as any of those now in ex- 
istence. The beasts of the field, in the 
days before the chalk, were notour bfasts 
of lho field, nor the fowls of the air snch 
is those which the eye ot men has seen 
flying, unless his antiquity dates infinitely 
further back than we at present surmise. 
If we could be earned lack into those 
times, we should be as one suddenly set 
down in Australia before it was coio- 
n'lxed, We should see mammals, birds, 
reptiles, fishes, iuhccts, snails, and tho 
like, clearly recognizable as such, and yet 
not one of them would be just the eamc 
as those with which we arc familiar, and 
many would bo extremely different. 

From that time to the proscni. the 
population of tho world liti undeiy. hj 
slow and gi-adual, hut ince^iuiiGt, changes. 
There has been no grand ci^Ui-tropbe — 
no destroyer has swupt awsy tho foTni» 
of life of one period, and replaced thc.ii 
by a totally new crestiois ■, \i\A *j\.a w^t- 
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its p'.ice ; creat.irea of one type of etnic- 
turu JiHVQ diminished, those of another 
havo increased, as time has parsed on. 
And thus, wliilo tho diScrenccs between 
the living creatures of the time before 
the chalk and those of the present daj 
appear startling, if planed side by side, 
we arc led from one to tho other by tho 
most e:adnal progress, if wo follow tho 
conrsc of Nature t£roagh the whole series 
of those relics of her operations which 
she has l^t behind. 

And it is by the population of tho 
chalk seA that the ancient and the mod- 
em inhabitants of the world nre most 
completely connected. Tho groups 
which are dying out flourish, side by 
side, witli tho groups which are now the 
dominant forms of life. 

Thus the chalk contains remains of 
these strange flying and swimming rep- 
tiles, tho pterodactyl, the ichthyosaurus, 
and tho plesiosaurus, which are found in 
no later deposits, but abounded in pre- 
ceding ages. The chambered shells 
called ammoniten and belemnites, which 
are so charactoristic of tho period preced- 
ing the cretaceons, in like manner die 
wftL it. 

But, among these fading remainders 
of a previous stiite of things, are some 
very modern forms of life, looking like. 
Yankee peddlers among a tribe of red In- 
dians. Crocodiles of modem type ap- 
pear ; bony fishes, many of them very 
similai' to existing spttcies, almost sup- 
plant the forms of fiah which predomi- 
nate in more ancient seus ; and many 
kinds of living shell-fish first become 
known tn ua ia the cbalk. The vegeta- 
tion acquires a modern aspect. A few 
livin,; animals are not even ilistin^niahablo 
as species from those wiiii:h existed at 
that remote epoch. Tho Globif/erina of 
tbe present Aty, for example, is ;.ot 
different Y^'^'^'^'y itom that of iho 
chalk ; and the same may be said of 
many other Foraminiftra. 1 think it 
probable that critical and unpicjudicod 
i-xamiaation will show that more than 
one species of much higber , aimals have 
had 11 similar longevity ; but tho only 
example which I can at present give con- 
fidently is iho snake's-kcad lamp-shell 
{Tc-i"^hraiulina caput terpent'iii), whici' 
lives in orr English seas and abounded 
(as Ttr Waluliiia ttriata of authors) in 



the chalk. 

The longest line of humnn ancestry 
luust bide its diminished hrad before iho 
pedigree of tbis insignificant tbeil-fish. 
We Kiiglishmeu arc proud to have an 
sneestor ^>lio was present at the Battle of 
Hastings. The ancestors of Tereliratulina 
caput nerpentig may havo been present at 
a battle of lektki/oaauria in that part of 
the sea which, when tbe chalk was form- 
ing, flowed over the site of Hastings. 
While all around has changed, Ihis Tere- 
hratulina has peacefully propagated its 
species from generation to generation, 
and stands to tbis day as a living testi- 
mony to the oonlinuily of tho pieacnt 
with tho past liJstory of the globe. 



Tp to this moment I have stated, so 
far ns I know, noihing but we II -authenti- 
cated facta, and tlio immediate concla- 
sions which they force upon tho m\nd. 

But the mind is so constituted tliat it • 
does not willingly rest in facts and immo- 
diate causes, but seeks always after a 
knowledge of the remoter links in the 
chain oi causntion. 

Taking the many changes of Rny^ven 
spot of tlie earth's sui-facc, from sea to 
land and from land to sea, as an estub- 
liahed fact, we '■annot refrain from ask- 
ing ourselves bow those changes havn 
oceiirrcd. And when wc have cxjdiincd 
them — i.s they inu~t bo exj.laincd — by 
the alternate slov movements of r'eva- 
tion and depression whicb have affected 
tho crust of the earth, we go still further 
back, and ask, "Why these raovuments f 

I am not certain that any one can give 
you a satisfactory answer to that ques- 
tion. Assuredly! r-a.mot. All tbat can 
be said for certain is, chat such move- 
ments are pa< of the ordinary course oi 
nature, inasmuch as they are going on at 
the present time. Direct proof may be 
given, that some parts of the land of the 
northern hemisphere arc at this moment 
insensibly rising and others insensibly 
sinking ; pnd there is indirect but per- 
fectly si'.iii factory proof, that an enor- 
mous arcE. now covered by tho Pacific has 
been deepened thousands of feet sinco 
the pr::3ent inhabitants of that sea cams 
into existence. 

Thus there is not a sbaZj-v of a reason 
for believing tbat the physical claiigesof 
the globe, in past times, have been 



.effected by oilier tlian nutiii'al cnosea. 

Is there any more reason for believing 
ibat the concomitant modificationj in the 
'.orins of the living inhnbitantj of the 
Tflobe have been bro'ig''' about in ij'.'.icr 

Before attempting to answer Ih'a qncs- 
■ion, let U9 try to form a diaLin^t menial 
picture of what lias happened in some 
.Jpccial case. 

The crocodiles are animals nhicli, as a 
group, have a very vast antiquity. They 
abounded ages before the chalk was de- 
posited ; they throng the rivers in warm 
olimates, at the present day. There is a 
difference in the form of the joiota of 
the backboua, and in some minor par- 
liculars, between the crocodiles of the 
present epoch and those which lived bo- 
fore the chalk ; but, in the cretacoons 
epoch, as 1 have already mentioned, iho 
crocodiles had aasnmcd the modem type 
of stmcture. Notwithstanding this, the 
crocodiles of the chalk arc not identically 
the same as thoi.e which lived in the times 
called " older tertiary," which succeeded 
the cretaceous epoeh ; and the crocodiles 
of the older tertiarics are not identical 
Willi those of the newer tortiarics, nor are 
these identical with existing forms. I 
IcAve open the question whether particu- 
lar species may have lived on from epoch 
to epoch. But each epoch has had its 
peculiar crocodiles ; though all, siiico the 
chalk, have belonged to the modern tvpe, 
and differ simply in their proporflona 
and in such structural particnlara aa arc 
discernible only to trained eyea, 

How is the existence of this long suc- 
cessioQ of different species of crocodiles 
to be accounted for } 

Only two suppositions seem to bo open 
to ns — Either each species of croci>dtla 
baa been specially created, or it has ^irisen 
out of some pre-esisting form by tho 
operation of natural causes. 

Choose your hypothesis ; I have chosen 
mine. I cin find no warranty for believ- 
ing in the distinct creation of a score of 
flUucsfeivo Rpociea of crocodiles in the 
conrse of countless ages of time, Sci- 
onoo gives no conntenunce to such :•. wiii 
f»licy ; nor can even the perverse in- 
genuity of n commcnLator pretun<l to dis- 
cover ihis sense, iu the simple words in 
which the writer of Genesis reuurds the 
fWOCeedings of the fifth and sixth days of 
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the Creation. 

On the rth-.r hand, I see no good rea- 
son f"r doubting the necessary allcrna- 
tivn. that all those varied species have 
licea evoh ed from pre-exiating crocodil- 
ian formi bj the Cjieration of causes as 
co"7ipletely a part of the common order 
of natare be those which have effected 
the changes of the in^^rgcnio world. 

Few will venture to affirm that the roa- 
Bonioji which applies to croeodiies loses 
its force among other animals or among 
plimta. If one series of species has come 
into existence by the operaJion of natural 
causes, it seems folly to deny that all may 
huve arisen in the aamo way. 

A small beginning has led us to a groat 
ending. If I were to put the bit of chaik 
with which we started into the hot but 
obscure flame of burning hydrogen, it 
would presently shino like tiie sun. It 
seems to me that this physical metamor- 
phosis is no false image of what has been 
the result of oiii subjecting it to a jet of 
fen-ent, though nowise brilliant, thought 
to-night. It has become kimlnous, and 
its clear rays, penetrating the abyss of 
the remote past, have brought within our 
'.icn some stages of the evolution of the 
earth. And in the shifting " without 
haate, but without rest" of the land and 
sea. as in the endless variation of the 
forms assumed by living beings, wo have 
observed nothing but the natural product 
of the forces originally possessed by the 
substance of the 
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AND FEliSlSTENT TYPES OF 

LIFE. 

Merohavts occasionally go throngh a 
wholesome, though troublesome and not 
always satisfactory, process which they 
term " taking stock." After all the ex- 
citement of speculation, the pleasure oi 
gain, and the pain of loss, the tradov 
makes up his mind to face facta iind to 
learn the exact quantity and quality of 
his solid and reliable puascaaions. 

The man of science does well some. 
times to imitate this procedure ; and. 
forgetting for the time the importance oi 
Ilia o^ n small winnings, to ro-e.\ainine the 
common Uock in trade, so that be may 
make sure how far the stock of bullion in 
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tlie cellar — on the faitb of whoso exist- 
ence so much pnper has jccn circulating 
— is really the solid {Told of truth. 

The Anniversary Mectiug of the Geo- 
logical Society BCQtns to bu no occasion 
well snited for an undertating of this' 
kind — for nn inqniry, in fact, into the 
nature nnd valno of the present results of 
palmontolt^ical investigation ; and the 
more so, as al! thoso who have paid close 
Attention to the late multitudinous dis- 
cussions in which palasontology is impli- 
cated, must have felt the urgent necessity 
of some snch scrutiny. 

First in o-dcr, as the most definite and 
nn question able of all the results of pale- 
ontology, must bo mentioned the im- 
mense extension and impulse given to 
botany, zoology, and comparativo anato- 
my, by the investigation of fossil re- 
mains. Indeed, the mass of biological 
facts has been flo greatly increased, and 
the range of biological speculation lias 
been so vastly widened, by the researches 
of the geologist and palmontologist, that 
it is to be feared there are naturalists in 
existence who look upon geology as 
Brindley regarded rivers. " Rivers," 
said the great engineer, " were made to 
feed canals ;" and geology, soma seem to 
think, was solely created to advance com- 
parative anatomy. 

"Were such a thought justifiable, it could 
hardly expect to be received with favor 
bv this assembly. But it is nut justili- 
atile. i'our favorite science has her own 
^reat aims independent of all others ; and 
if, notwithstanding her steady devotion 
to her own progress, she can scatter such 
rich alms among her sisters, it should be 
remembered that her charity is of the 
sort that dues not impoverish, but 
■' blesseth him that gives and him that 

Regard the matter as we will, however, 
the facts remain. Nearly 40,000 species 
of animals and plants have been added 
to the Systema Naturaj by pa]a.'onto- 
logical research. This is a living popu- 
lation equivalent to that of a new eonti- 
nent in mere number ; equivalent to that 
of a new hemisphere, if we take into ac- 
count the smalt population of insects as 
yet found fossil, and the large proportion 
and pccuhar org-mization of many of the 
Vertcbrata, 

But, beyond this, il is perbnps not too 
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mucli to sny that, except for the neces- 
sity of interpreting palajontological facta, 
the laws of distribution wouki have re- 
ceived less careful study ; while few c 
parntive anatomists (and those not of the 
lirst order) wonld have been induced hy 
mere love of detail, as such, to study the 
minutia: of osteology, were it not that in 
snch minutiic He the only keys to the 
most interesting riddles offered by the 
extinct animal world. 

These assuredly arc great and solid 
gains. Surely it is matter for no small 
congratulation that in h.nlf a century {for 
pa lie ontology, though it dawned earlier, 
canio into full day only with Cuvier) a 
subordinate brrnich of biology should 
have donWed the value and the interest 
of the whole group of sciences to which 
it belongs. 

But this is not all. Allied with geolo- 
gy, palaeontology has established two 
laws of inestimable importance : theArst. 
that one and the same area of the earth's 
snrfacc has been successively occupied by 
very different kinds of living beings ; the 
second, that the order of succession es- 
tablished in one locality holds good, ap- 
proximately, in all. 

The first of these laws is universal and 
irreversible ; the second is an induction 
from a vast number of observations, 
though it may possibly, and even proba- 
bly, have to admit of exceptionB. Asa 
consequence of the second law, it follows 
that a pcculiarrelation frequently subsists 
between series of strata, containing or- 
ganic remains, in diflerpnt localities. 
Tlic series resemble one another, not only 
in virtue of a general resemblance of the 
organic remains in the two, but also in 
virtue of a resemblance in the order and 
character of the serial succession in each. 
There is a resemblance of arrangemant ; 
so that the separate terms of each series, 
as well as the whole series, exhibit a cor- 
respondence. 

Succession implies time ; the lower 
members of a series of sedimentary roehs 
are certainly older than the upper ; and 
when the notion of age was once intro- 
duced as the equivalent of succession, it 
was no wonder that correspondence i 
succession came to be looked upon a 
con'cspondenco in age, or " contempo- 
raneity." Andj indeed, so long as rela- 
tive age only is spoken of, correspond- 



ON THE PHTSICAT. BASIS O? LIFE. 



h 



ence in aaccBseioa is correspondence in 
ago ; it 19 relative contemporaneity. 

Bat it would liavo been very mucli 
better for geology if so loose and ani- 
biguoaa a word as " contemporaneous" 
hsS been excluded from her terminology, 
and if, in ita stead, some term expressing 
eimilarity of aerial relation, and exclud- 
ing the notion of time altogether, had 
been employed to denote correspondence 
in position in two or more scries of strata. 

In anatomy, where such correspond- 
ence of position haa constantly to bo 
spoken of, it is denoted by the word 
" homology" and its derivatives ; and 
for Geolo^ (which after all is only the 
anatomy and physiology of the earth) it 
might bo woU to invent some single word, 
such as " bomotaxis" (similarity of 
order), in order to express an oasenlially 
umilar idea. This, however, has not 
been done, and most probably the in- 
quiry will at once be made — To what end 
burden science with a new and strange 
term in pkcc of one old, familiar, and 
pirt of our common language ? 

The reply to this question will become 
obviooB as the inquiry into the results of 
palmontology is pushed further. 

Those whoso business it is to acquaint 
themselves specially with the works of 
palaeontologists, in fact, will he fnlly 
aware that very few, if any, would rest 
satisfied with such a statement of the 
coaclimona of their branch of biology as 
that which has just been given. 

Our standard repertories of palffionto- 
iogy profess to teach us far higher things 
— to discloHO the entire succession of liv- 
ing forms upon the surfaee of the globe ; 
to tell us of a wholly diSerent distribu- 
tion of climatic conditions in ancient 
times ; to reveal the character of the first 
of all living existences ; and to trace out 
the law of progress from them to ua. 

It may not be unprofitable to bestow 
on these professions a somewhat more 
critical examination than they have 
hitherto received, in order to ascertain 
how far they rest on an irrefragable 
baMS ; or whether, after all, it might not 
bo well for palaeontologists io !eani a lit- 
tle more carefully that sJo;'-tific " ara 
artium," the art of saying " I I'.du't 
know." Aii(? to thii end let np define 
somewh. t more exactly the extent of 



these pretensions of paleontology. 

Every one is aware that Professor 
Bronn's " Untersnehungen" and Profes- 
sor Pictot's " Traite de Palaontologie" 
are works of standard authority, famil- 
iarly consulted by every working palajon- 
tologist. It is desirable to speak of those 
excellent books, and of their iistin- 
guished anthors, with the utmost respect, 
and in a tone as far as possible removrd 
from carping criticism ; indeed, if they 
are specially cited in this place, it is 
merely In justification of the assertion 
that the following propositions, which 
may be found implicitly or explicitly h. 
the works in question, are regarded by 
the mass of paleontologists and geolo- 
gists, not only on the Continent but in 
this country, as expressing some of the 
best- established results of palicontology. 
Thus ■ 

Animals and plants began their exist- 
ence together, not long after the com- 
mencement of tlie deposition of the se<!i- 
mentary rocks ; and then succeeded oin' 
another, in such a manner, that titully 
distinct ftiuna) and floras occupied llie 
whole aurfaco of the earth, one af^er tliu 
other, and during distinct epochs of time. 

A geological formation is th" sum of 
all the strata cieposited over the whole 
surface of the earth during one of those 
epochs : a geological fauna or flora is thn 
sum of all the species of animals or plantii 
which occupied the whole surface of the 
globe, during one of these epochs. 

The population of the I'arth's surface 
was at first very similar >n all parts, and 
only from the mid.ile of the Tertiary 
epoch onward, began co show a distinct 
distribution in zones. 

The constitution of the original popula- 
tion, us well as the numerical Droportions 
of its members, indicates a warmer and, 
03 the whole, somewhat tropical climat;'. 
which remained tolerably iquahlc 
throughout the yeiw. The subsequent 
distribution of living beings in zones ii; 
the icsult of a gradual lowering of the 
general tuuipErature, which first began to 
to felt at the poles. 

It is not now proposed to inquire 
« -lether these doctrines are true or false ; 
but to direct your attention to a much 
ipler though very essential preliminary 
jatiou — What is th^i; logical basis i 
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what are tlio fundainenlnl nssumpliona 
upm which they nil li)o;ii'ally Ucnentl ! 
and whiit is tlic I'virli-ticc 'in wljich tlioso 
fnndanicntnl jiruposiiioca di'mand our 
assent! 

Tii(?BO assur.iptions arc two : the first, 
that iho coiinnenteinont of tho goolojjii'al 
record is cooval witli the commencoment 
of iifo on the globo ; tho second, that 
geological contemporaneity is the mimo 
thing as chronologicfll synchrony. "Witli- 
ont iho first of theao aMuinptions tliero 
would of course -bo no ground for any 
statement respecting the comiuencemenl 
of life ; without the second, all the other 
statements cited, every one of which im- 
pHoB a knovrodge of the state of different 
parts of the earth at one and the same 
time, will be no leas devoid of denion- 
Btratiun. 

Tho first assumption oliviously reals 
entirely on n^ative evidence. Tiiis is, 
of course, the only evidence that ever 
can be available to prove tic commence- 
ment of any sories of phenomena ; but, 
at the same time, it must he recollected 
that the value of negative evidence de- 
pends entirely on tbe amount of positive 
corroboration it reeeives. If A. B. 
wishes to prove an aliln, it is of no use 
for him to get a thousand witcesseg sim- 
ply to swear that they did not see him in 
I" such and such a place, unless the wit- 

nesses are prepared to proic that J hey 
must have seen him Lad he been there, 
[ But the evidence tliat animal life com- 

menced with the Lingula-flags, e.p,, 
would secip to be exactly of this unsatis- 
fnrtory u a coi rob orated sort. The Cam- 
brian witnesses simply swear they 
" haven't seen anybody their way ;" 
upon which the counsel for the other 
side immediately puts in Itn or twelve 
ihimsand feet of DcAcnian fandntones to 
make oath they ncvtr saw a fi^h or a 
niollnsk, though all the world knows 
there were plenty in their time. 

But Ihcn it is nigcd ihat, Ihoiigh the 
Devonian rocks in one part of the world 
exhibit no fos-'ils, in another they do, 
while the lower Camhiian rocks nowhere 
e.\hiljit fossils, and hence no living being 
could have existed in tlieir epoch. 

To this there are two ri plies: the first, 
thiit. the observational basis of the aeser- 
tion that the lowest rocks arc nowhere 
foGsilifcroQs is an amazingly email one, 



seeing how very small an biw, I* com- 
parison to Ihat of the whoic worl<i. has 
yet been fully searched ; ihe wcond, tliat 
the argument is good for nolliinj.; unless 
the unfossilifcrouB rocks in question were 
not only coniemporaneoicg in the geo- 
logical sense, but syrtcftronoux in the 
chronological sense. To use ihu alibi 
illuHlration again. If a man wishes to 
prove he was in neither of two places, A 
and B, on a given day, his witnesses for 
each place must be prepared to answer 
for the whole day. If they can only 
prove that he was not nt A in tin- nom- 
ing, and not at B In the afternoon, the 
evidence of his absence from both is nil, 
becauHo he might have been at B in the 
morning and at A in the afternoon. 

Thus everything depends upon die 
validity of the second assumption. And 
wu must proceed to inquire what is the 
real meaning of tho word " contempor^ 
neous" as employed by geologists. To 
this cud a concrete example may bo taken. 

The Lias of England and the Liaa of 
Germany, the Crelaeeoua rocks of Btitain 
and the Cretaceous rooks of Southern 
India, are termed by geologists " con- 
temporaneous" formations; but when- 
ever any thoughtful geolof^st is asked 
whether he means to say that they were 
deposited synchronously, he says, " No 
— only within the same great epocK" 
And if, in pursuing tbe inquiry, he is 
asked what may be the approximate vaJne 
in time of a " great epoch" — whether it 
means a hundred years, or a thousand, or 
ihon, or ten r"illion years — hia reply 
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t. tell.' 



If the furlherqnestion be put, whethet 
physical geology is in possession of any 
method by which the actual synchrony 
(or tho reverse) of any two distant de> 
ijjsiis can be ascertained, no such method 
cjn be heard of ; it being admitted fay 
all the best autlioritics that neither simi- 
larity of mineral composition, nor of phy- 
sical character, nor even direct continuity 
of stratum, are abaoluU proofs of ' tho 
synuhronism of oven approximated sudi- 
mentary stnta : while, for distant do- 
posits, there seems to ha no kind of phy- 
sical evidence nttainiiblo of n nature oom- 
petent to decide whether sunU daposLta 
were formed siinultaneouslv, or whethei* 
they possess any given difEcrenco of an- 
tiquity. To Ttlum to anoxutu[)lo already 
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given. All competent aiithorif.as will 
probably assent to tlio proposition that 
physical ijeology does not enablo ns in 
any way to reply to tiiia question — Were 
the British Cretaceoua rocks deposited at 
the aaine time as those of India, or are 
they a million of years younger or a 
million of ycara older ! 

la paleontology able to succeed where 
physical geology fails f Standard writers 
on palaeontology, aa has been seen, as- 
Bumc that she can. Tbey take it for 
grnuted, that deposits containing similar 
organic remains are synchronous — at any 
rata in a brond senso ; and yet, those 
who will study the eleventh and twelfth 
chapters of Sir Henry Do la Eacho'a re- 
markable " Researches ia Theoretical 
Geology," published now nearly thirty 
years aco, and will carry out the argu- 
ments there most luniiuously stated, to 
their logical coa sequences, may very 
cosily oourineo themselves that even abso- 
lute, identity of organic contents is no 
proof of the syuehroay of deposits, whilo 
absolute diversity is no proof of diSer- 
onco of date. Sir Ilcnry De la Becho 
goca even further, iind adduces conclu- 
flivo evidence to show that the difierent 
parts of one and the same strntnm, hav- 
ing a similar composition throtighouD, 
containing the same orgnnie remains, 
and having similar beds nbove and below 
it, may yul differ to any conceivable ex- 
tent in ngc. 

EdwacU Forbes was in the habit of as- 
serting that the Bimilacity of the organic 
contents of distant formations was peimA 
fam% evideDce, not of their similarity, hut 
of their diSerenee of ago; and holding 
» ho did the doctrine of siugle specific 
centres, the conclusion was as legitimate 
as any otiicr ; for the two districts must 
have been occupied by migration from 
one of the two, or from an intermediate 
spot, and the cliances against exact coin- 
cidcnco of migration and of imbedding 
aro inliDttc. 

In point of fact, however, whether 
the hypothesis of single or of multiple 
spccitic centres be adopted, similarity of 
uiganic contents cannot possibly afford 
oijy proof of the synchrony of the do- 
posits which contain them ; on the con- 
trary, it is dcmonstrablycompHliMc with 
tile lapse of the most prodigious intervals 
of lime, and with interposition of vast 



changes in the organic and inorgar 
woilda, between the epochs in which" 
sach deposits were formed. 

On what umonnt of similarity of their 
fauniB ia the doctrine of the contempo- 
raneity of the Eoropean and of the North 
American Silurians based \ In the last 
edition of Sir Charles Lycll's "Ele- 
mentary Geology" it ia stated, on the 
authority of a former president of this 
society, the late Daniel Sharpe, that be- 
tween 30 and 40 per cent of the species 
of Silurian Mollusca are common to both 
sides of the Atlantic. By way of due 
allowance for further discovery, let us 
double the lesser number and suppose 
that 00 per cent of the species are com- 
mon to the North American and the Brit- 
ish Silurians. Sixty per cent of species 
in common is, then, proof of contem- 
pornneity. 

Now suppose that, a million or two of 
years hence, when Britain has made 
another dip beneath the sea and has come 
np again, some geologist applies this 
doctrine, in comparing the strata laid bare 
by the upheaval of tiio bottom, say, of 
St. Gaor^'s Channel with what may 
then remain of the Suffolk Crag. Rea- 
soniug in the same way, bo will at once 
decide tha Suffolk Crag and the St. 
George's Channel beds to be contem- 
poraneous ; although wo happen to know 
that a vast period Teven in the geological 
sense) of time, ana physical changes of 
almost unprecedented extent, separate 
the two. 

But if it be a demonstrslile f.iet that 
strata containing more than 60 or TO per 
cent of species of Mollusca in common, 
and comparatively close together, may 
yot bo aejiarated by an amount of geo- 
logical time sufficient to allow of some of 
the great«st physical changes the world 
has seen, what becomes of that sort of 
contemporaneity, the sole evidence of 
which is a similarity of facics, or the 
identity of half a dozen species, or uf it 
good many genera ! 

And yet there is no better evidence for 
the contemporsnoity assumed by all who 
adopt the hypotheses of universal fannie 
and florai, of a universally uniform cli- 
tnate, and of a sensible «oo!ing of the 
globe during geological time. 

There seems, then, no escape from the 
admiaaion that neither physical geology 
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lur paleontology possessca niiy method 
by which the abBolntc Hynchrenism of 
two strata can be licinonstrated. All 
that geology can prove ia local order of 
BUcceBalon. It 19 matlicinatically certain 
tliat, in any given vortical linear section 
of an nndisturbcd series of sedimentary 
deposits, the bed wliicli lies lowest is tliu 
oldest. In any othen rtical linear sec- 
tion of tho same sories, of course, corre-' 
Bponding bods will occnr in a similar 
order ; but, iiowover great may be tlie 
probability, no man can say with absolute 
certainty tbat the beds in the two sec- 
tions were synchronously deposited. For 
areas of moderate extent, it is doubtless 
true that no practical evil ia likely to re- 
sult from ussiiming tho corresponding 
beds to bo synchronous or striciiy con- 
temporaneous ; and there are multitudes 
of accessory circumstances wliieh nmy 
fully justify the assumption of such sjn- 
cbrony. But tho moment the geologist 
hiia to deal with largo areas, or with com- 
pletely separated deposits, the mifcchief 
of confounding that " bomolasia" or 
'■ similarity of Hrranj.'tmcnt," which can 
be demonstrated, with " sj nchrony" or 
" identity of date," for which iheie ia 
not a shadow of proof, under the one 
common term of " ccnItmpoTaceitj" be- 
comes incalculable, and i>iu(es lbe con- 
stant source of gratuitous (ptculations. 

For anything that geology iiV pala'cn- 
tology are able lo show 1o ilie cciliaiy, 
a Devonian fauna and floia imhe BiitiEh 
Islands may have been conlimfcianeous 
with Silurian life in Noiih AmetiL'a, and 
with a Carboniferous fauna i.iid foia in 
Africa. Geographical pro\ ini ( ^ und zones 
may have been as distinctly inaihtid in 
the Falsozoic epoch as st pictint, und 
those seemingly sudden oppiaianccs of 
new genera and Fpccics, wliitb we ascribe 
to new creation, may bo timple results 
of migration. 

It may ho bo ; it may bo othtiwise. 
In the present condition of our knowl- 
edge and of our methods, one verdict — 
" not proven, and not piovable" — must 
be Teeordud against all the giand hy- 
potheses of the pabeontologist respecting 
the general socceEsioD of life on the globe. 
The order and nature of tcrrcElrial life, 
as a whole, are open qucs-litne. Grolcgy 
at present provides uswilh most valuable 
topographical records, but the has not 



tho means of working Ihcm into 

versal history. Is such a oniven 
tory, then, to be regarded as ani 
ble ? Aro all tho grandest and m 
teresting problems which offerlhii 
lo tho geological student eFsentii 
aoltible y la be in the portion a 
cntilic Tantalus — doomed alwi 
thirst for ii knowledge which he 
obtain i The reverse ia to be t 
nay, it may not be impossible to ij 
tho source whence heJp "ill ucueJ 

In commencing these remarks, a 
was made of the great obligatiom 
which the naturalii^t lies to the gl 
and paiiContologiBi. Assuredly 
will come when these obligaiiot 
repaid tenfold, and when the ma 
world's past history, through wh( 
pure geologist and the puie rah 
gist tind no guidance, will be 
threaded by the clue fumi&hed \ 
naturalist. 

Al! who are compcltnt to e\p 
opinion on the i'ubjcct arc, at p 
agreed that the manifold varieties. 
mul and vegetable foim have ni 
como into existence by cbaiicp, 
suit from capricious exertions of 
power ; but that they have takei 
iu a definite order, the stutcmi 
which order is what men of soient 
a natural Imv. Whether such a la 
bo regarded as an expression of thi 
of operation of natural forces, orn 
it is simply a statProent of tho 
which a supernatural power baa 1] 
fit to act, is a secondary quest} 
long as the existence of the law a 
possibility of iU discovery by the I 
intellect are granted. But ho moj 
half-hearted philosopher who, b^ 
in that possibility, and having w. 
the gigantic strides of the biologU 
enceadiiringthe last twenty years, 
tb^t science will sooner or lator ml 
further atep, so aa to become pod 
of the law of evolution of organiol 
— of the unvarying order of that 
chain of causes and effects of wh 
organic forms, ancient and modoi 
the links. And then, if ever, wi 
be able to begin to discuss, with 
tho (jucstioDs respecting tho conil 
mcnt of life, and tho nature of th 
cessive populations of t'le globe, 
so many seem to thin <re alrew 
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Bwered. 

Tlie preceding arguments make no par- 
ticular claim to novelty ; indeed, they 
have been fluuting more or less distinctly 
before the minda of geologiatfl for the last 
thirty years ; and if, at the present time, 
it has seemed desirable to give them 
more definite and systematic expression, 
it is because palteontology is every day 
iiasiiminga greater importance, and now 
requires to rest on a basis the iirmncss 
of which is thoroughiy well assured. 
Among ite fundamental conceptions, 
there must be no confusion between what 
is certain and what is more or less proba- 
ble. But, pending the construction of 
a surer foundation than paleontology 
now possesses, it may be instructive, as- 
suming for the nonce the general coircct- 
nem of the ordinary hypothesis of geo- 
logical contemporaneity, to consider 
whether the deductions whiuh are ordi- 
narily drawn from the whole body of 
palioontological facts are justifiable. 

The evidence on which such concln- 
sions arc based U of two kinds, nogativo 
and positive. The value of negative evi- 
dence, in connection with this incjuiry, 
has been so fully and clearly discussed in 
an address from the chair of this society, 
which none of us have forgotten, that 
Qotlung need at present be said about it ; 
the more, as the considerations which 
have been laid before you have certainly 
Dot tended to increase your estimation of 
such evidence. It will be preferable to 
tum to the positive facts of pal to ontology, 
and to inquire what they tell us. 

We are all accusromed to apeak of tiic 
number and the extent of the changes iu 
tile living population of the globn during 
geological time as something onurmoua \ 
Knd indeed they arc so, if we regard only 
the negative dilferences which separate 
the older rooks inm the more modern, 
and if we look upon specifii^ nod generic 
changes as threat changes, nhich from 
one point of view they tndy are. B.it 
leaving the negative dofierences out of 
consideration, and looking only at the 
positive data furnished by the fossil world 
from a broaacr point of view — from that 
of the comparative anatomist who has 
made the study of the greater modifica- 
tions of animal form his chief business — 
It surprise of arttther kind dawns upon 



the mind ; and under Ihis aspect the 
amallness of the total change lecomca as 
astonishing aa was its greatness under the 
other. 

There are two hundred known orders 
of plants ; of these not one is certainly 
known to exist exclusively in the fossil 
state. The whole lapse of geological 
time has as yet yielded not a single new 
ordinal type of vegetable structure.* 

The positive change in passing from 
the recent to tbe ancient animal world is 
greater, bnt still singularly small- No 
fossil animal is so distinct from those 
now living as to require to be arranged 
even in a separate class from thoaowtuch 
contain existing forms. It is only when 
we come to the orders, which may be 
roughly estimated at about a hundred and 
thirty, that we meet with fossil animals 
so distinct from those now living as to 
rerjuiro orders for themselves ; and these 
do not amount, on the most liberal esti- 
mate, to more than about 10 per cent of 
the whole. * 

There is no certainly known extinct 
order of I'rotoziia ; there is but one 
among the Coclenterata — that of the ru- 
gose corals ; there is none among the 
Mollusca ; there are three, the CyatiJea, 
Blastoidea, and Edrioastcrida among the 
Ecliinoderms ; and iwo. iheTrilobita and 
Eiirypterida, among the Crustacea ; mak- 
ing altogether live for the great >>ub-king- 
dom of Annulosa. Among Vertebrates 
there is no ordinally distinct fossil fish ; 
there is only one extinct order of Am- 
phlbia-^the Labyrinlhudont^ ; but there 
are at least four distinct orders of Rcp- 
tilia, viz., the''Ichthyos3uria, I'lesiosaur 
ria, Pterosauria, Dinosauna. and perhaps 
another or two. There is no known ex- 
tinct order of' birds and no' certainly 
known extinct order of Mammals, the 
ordinal distinctness of the " Toxodontia"" 
being doubtful. 

The objection that broad statements 
of this kind, after all, rest larirely on 
negative evidence is obvious, but it has 
less force than may at first be supposed ; 
for, as might be expected from the circum- 
stances of the ease, we possess mure nlnin- 
dant positive evidence regardint; Fishes 
and marine Uollosks than respecting any . 
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other forms of animal life ; and yot these 
offer lis. tlirough the whole range of 
gcoliiixicnl time, no species ordinally dis- 
tinct from thoKfi now living ; while the 
far K'ss nmnProiiH clans of Ecliinodorras 
presents threo, and tho Crustacea two, 
sadi orders, thongh none of these come 
down later than the Palceozoic age. 
Lastly, tho Reptilia present the extraor- 
dinary am! exceptional phenomenon of 
as rnany extinct as existing orders, if not 
more ; lliy four mentioned maintaining 
their cKtitenco from the Lias to tho 
Chalk inelusivc. 

Some years ago one of jonr Bccretarica 
pointed out another kind of positive pala;- 
ontologiciil evidenco tending toward the 
same conclusion — aflorded by the exist- 
ence of wluit he termed ' ' persistent typee" 
of vegetable and of animal life. Ho 
Btated, on the oulhoritv of Dr. ilooker, 
that there ore Car bonifcrons plants which 
appear to be generically identical with 
seme now livinf; ; that the cone of the 
Oolitic AraucoTia is hardly diftinguish- 
ablu from that of an e^iating species ; 
that u true Piuus appears In the I'nr- 
becks, and n Jttglang in the Chalk ; 
while, from the Bagshot Sands, n Jimik- 
sia, tho wood of which is not disiin- 
guishablc from that of species now liv- 
injr in Australia, had been obtained. 

Tnmiag to the animal kingdom, ho 
affirmed the tabulate corals of tlio Silu- 
rian Tocka to be wonderfully like those 
which now exist ; while even the fami- 
lioa of tho Aporosa were all represented 
in the older Mesozoic rocks. 

Among the Mollusca similar facts were 
adduced. Let it be borne in mind that 
Avicvla, Mytalig, Chiton, Jfolica, Pa- 
tella, Trochm. HiMina, Orbievla, Lin- 
ffula, Rhynchontlla, and Nautilus, all 
of which are existing genera, ore given 
without a doubt as Silurian in the Inst 
edition of " Siluria ;" while tho iiighcat 
fotms of the highest Cephalopods are 
reprpsenlcd in the Lias by a genus, 
BtlemHoleitlhis, wliicli presents tho closest 
reladon to the existing LoUgo. 

Tho two highest groups of the Anmi- 
losn. llie lTi?i.'cta and the Arachnida, are 
iqiiiMiii.il in ItifCiiHl. either by exist- 
isdiffering from ok- 
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we liave any complete knowledge is ins 
IJcvonian and Cnrboniferons P/nn- 
ranthui. which differs no more from Ml- 
isting Sharks than tliese do frum vu» 

Again, vast as is the number of on- 
donblcdly Ganoid fossil Fishes, and gteU 
as is their range in lime, a laige mass ol 
evidenco has recently been adduced to 
show that almost all ihuso respecting 
which we nosEesa antTicient inCormalion, 
are referable to the same aubordinal 
groups aa tho existing Ze//((/Dj(f«(», Polj/p. 
Ifrut, and Sturgeon ; and that a singnUr 
relation obtains between the older and 
the younger Fiahcs ; tho former, llm De- 
vonian Ganoids, being almost 
hers of the same sub-order as PolifpXrvi, 
while the McsoiiDic Ganoids Hrc ulmotft tdl 
similarly allied to Lfji'doslfUX. 

Again, what can be more remarkable 
than t!ie singular constancy of Ktrndore 
preserved throughout a vast period of 
time by tho family of the PyenuduDts 
and by that of the true Cflelaeantlm ; tha 
former peraiatiug, with but insigniftodOt 
moditi cations, from ihe Carbonifenxis to 
the Tertiary rocks, inclusitfo ; the latW 
existing, with still less change, fromtbe 
Carboniferous rocka to the Chalk, i) 

Among R2))ti!es, the highest living 
group, that of tho CrocodUia, is repre- 
sented, at the cnrly part of the MeaoEoiO 
epoch, by species identical in the 
tiiil characters of tlieir onranizatioi 
tliosi! now living, and differing from the 
latter only in such matters as tbe form of 
tlio at [icular facets of thu vertebral ( 
tra, in the extent to which the nasal [ 
sages are separated from the cavity of 
tlio month by bone, and in tht propor- 
tions of the limbs. 

And even as rt^arHs the Mammalia, tho 
scanty remains of Triassic and Oolitic 
species afford no foundation for the sup- 
position that tho organization of the <>l I- 
eat forms differed nearly so much fr.'io 
some of those which now live as ibesc 
differ from one another. 

It is needless to multiply these ii 
stances ; enough has been said to justify 
the statement that, in view of the ii 
mense diversity of known animal and 
vegetable forms, and the cnormoas l^isi: 
of time indicated by the accnmnlatton of 
fossiliferous strata, the only turcum- 
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■iacce to t>s wonilercd at ii, not tliat tbe 
changes of iifi->, as exhibited hy posilivc 
evidence, hiivii been so great, but tbut 
tticy buve hean so small. 

Be tbey great or small, however, it in 
desirable to attempt to estimate tbem. 
Let us, tbereforc, take each great divi- 
^on of the animal world in Raeccasion, 
and, whenever nn order or a Family can 
be ijiowii to have had a prolonged exist- 
ence, let us endeavor to aBcertain how far 
the Inter members of the group diSer 
from the earlier ones. If these later 
members, in all or in many cnscs, ex- 
hibit a eertain amount of modilicatiiin, 
the fact is, bo far, evidence in favor of a 
general law of change ; and, in a rough 
way, the rapidity of that change will be 
measured by the demonstrable amount 
of modification. On the other hand, it 
must bo rccolleotod that the absence of 
any modification, while it may leave the 
doctrine of the existence of a law of 
change withont positive suppoit, cannot 
possibly disprove all forms of that doc- 
trine, though it may aSord a sufflcicnt 
refutation of many of tliem. 

The Protozoa. — The Protozoa are 
represented throughout tho whole range 
of geological aeries, from tho Lower Si- 
lurian formation to tho present day, Tho 
most ancient forms recently made known 
by Ehrcnbet^ are exoeodingly like those 
which now exist ; no one has ever pre- 
tended tliat the difference between any 
ftncient and any modern Foraminifera is 
of more than generic value, nor are the 
oldest Foraminifera either simpler, more 
embyronic, or less differentiated, than 
the existing forms. 

The CfflLBNTERATA. — The Tabulate 
Corals have existed from the Silurian 
epoch to the present day, but I atu not 
aware that the ancient Hdioliles possesses 
a single mark of a more embryonic or 
less differentiated character, or less high 
organization, than the existing Heliopora. 
Ab for the Aporose Corals, iu what 
reqiect is the Silurian Palaocydvs less 
highly organized or more embryonic than 
the inodf ' n Fungia, or the Liassic 
Aporosa than the existing members of 
tho aanie families ? 

The MoLLuscA. — In what sense is the 
living Watdheimia less embryonic, or 
more specialized, than the palseozoic 
Bpiri/er ; or the eJtisting RhyiickoiteUa; 



Crania, Bixinte, Lint/itlie, than the Si- 
lurian species of the s:imi> gincrii ! !n 
what sense can Lnlipo or Spirula be f-M 
to be morespecializeii, or lusa embryonic, 
than DdemnitM ; or the modern ppcciis 
of Lanielli branch and Gastcropod genera, 
than tho Silurian species of tho same 
genera f 

The Annulosa. — The Carboniferons 
Insecta and Arachnida tie neither less 
specialized, nor more embryonic, than 
those that now live, nor arc the Liassic 
Cirripudia and Macrura ; while several of 
tho Brachyura, which appear in the 
Chalk, belong to existing genera ; and 
none exhibit either an intermediate or 
an embryonic character. 

The Vertbbrata.— Among fishes I 
have referred to the Cfi-lncanthini (com- 
prising Iho genera C<r/aeantltug, Ho- 
hiihagua, Uitdiaa, and Macropoma) as 
afiordin;* an example of a persistent type ; 
and it is most remarkable to note tho 
smalineBS of the differences between any 
of these fishes (affecting at most tho 
proportions of the body and fins, and 
the character and scnlptnre of the scales), 
notwithstanding their enormous range in 
lime. In all the essentials of its very 
pecniiar strnctnrc, the Maempoma of the 
Chalk is identical with the Catlacanthua 
of the Coal. Look at ihc genus Lepi- 
dotui, again, persisting without a modifi- 
cation of importance from the Liassic to 
the Eocene formations inclusive.. 

Or among the Tcleostei^n what re- 
K[>cct is tho Beryx of tho Chalk more 
embryonic, or less differentiated, than 
Bcryx lineatus of King George's Sound f 

Or to turn to the higher Verlebrata — 
in what sense are the Liassic Chelonia 
inferior to those which now exist ! IIow 
are tho Crctaceons Ichlhyosauria, Plesio- 
saiiria, or Pterosauria less embyronic, or 
more differentiated, species than those 
of the Lias ! 

Or lastly, in what circumstance is the 
Phattmlotherinm more embryonic, or of 
a more generalized type, than the mod- 
ern Opossum ; or a Lophiodmi, or a 
Palmolherium, than a modern Tapirua 
or Byraj ? 

These examples might he almost in- 
definitely multiplied, but surely they are 
suCieient V< prove that the only sate and 
r.n';neationable testimony we can procure 
—IHiaitivc evidence — fails to demonstrate 
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nny sort of progresaiTa modification 
toward a less embryonic, or less general- 
ized, type in a great roasy groups of Hiii- 
inala of long- continued geological cxisl- 
encc. In iheee groups tbero is abundant 
cudencc of variation — none of what ia 
ordinarily understood as progrcBsion ; 
and, if (lie known geological record is lo 
be regajded as even any coDBidcrable 
fiagnaent of tLe whole, it is inconceivable 
that any theory of a neecasflrily progrc.i- 
sive development can stand, for tbo nu- 
merous orders and families cited afford no 
trace of such a procciis. 

But it is a most remarkable fact, that, 
while the groups which have been men- 
tioned, and many brsides, exhibit no sign 
of progrcMive modification, there are 
olhtrs, co-existing wilSi them, under the 
same conditions, in which more or less 
distiiict indicstions of such a. process 
seem to be traceable. Among such in- 
dications I mayieinind yoii of the pre- 
doniinanee of Holostnme Gasteropoda in 
the elder roeks ns compared with ihst of 
Siphonostome Gasteropoda in lUe later. 
A case less open to the objection of nega- 
tive e\idence, however, is that afforded 
by the Tetrabranchiate Cephalopoda, the 
forms of the sliells and of the sejital su- 
tures exhibiting a certain increase of 
complexity in the newer genera. Here, 
however, one is met at once with the oc- 
currence of Orthoceras and BacuhUs at 
the two* ends of the series, and of the 
fact thnt one of the simplest genera, 
Jfavtilus, is that which now exists. 

The Crinoidea, in the abundance of 
stalked forms in the ancient formations 
as compared with their present rarity, 
seem to present us with a fair case of 
modification from a more embryonic 
toward a less embryonic condition. But 
then, on careful considcrAiofl of the 
facts, the objection ariset ihat the stalk, 
c«lyx, and arms of the paheozoic Crinoid 
are exceedingly different from the corre- 
^onding organs of a larval Comatula ; 
and it might with perfect justice be 
ai^ued that ActintKrinus and Eucclyp- 
tocrinus, for example, depart to the full 
as widely, in one direction, from the 
stalked embrj-o of Comatula, as Coma- 
tula itself does in the other. 

The Echinidea, again, arc frequently 
quoted as exhibiting a gradual passage 
I more generalized to a more spe- 






cialised type, seeing that the elongated, 
or oval, Spatangoids appear after the 
spheroidal Ecbinoids. But here it miglrt 
bo argued, on the other hand, that tlio 
spheroidal Echinoids, in reality, depart 
further from the general plan and from 
the pmbryonic forro than the elongated 
Spatangoids do ; and that the peculiar 
dents', apparatus and the pediuellariffi of 
the former are marks of at least as great 
differentiation as the petnloid ambulacra 
and semitip of the latter. 

Once more, the prevalence of Macru- 
rou3 before Braehyurous Podophthalmia 
33, apparently, a fair piece of evidence in 
favor of progressive mudificutiuu in tliB 
same order of Crustacea ; and yet tie 
caso will not stand much sifting, seeing 
that the Macrurous Podophthahnia do- 
part OS far in one direction from tlio 
common type of Pod ophthalmia, or 
from any embryonic condition of tbs 
Brachyura, as the Brachyura do in the 
other ; and that the middle terras be- 
tween Macrara and Brachyura — the An- 
oiiinra — ^are little bettor represented in 
tUe older Mesozoic rocks than tlio 
Brachyura are. 

None of the eases of progressive.modi- 
ficatiou which are cited from among the 
Invertehrata appear to me to have a 
foundation less opeu to criticism than 
these ; and if this he so, no carcfnl 
rcasoner would, I think, be inclined to 
lay -ery great stress upon them. Among 
the Vertebrata, however, there are a few 
csamplea which Hjipcar to be far '.esa 
open to objection. 

It is, in fact, true of several groups rf 
Vertebrata which have lived through a 
considerable range of time, tliot the en- 
doakeleton (more particularly the spinal 
column) of the older genera prcscnta a 
lesa ossified, and, so far, less differen- 
tiated, condition than that of theyonngM 
genera. Thus the Devonian Ganoids, 
though almost all members of the same 
suh-order as Pobjpterus, and presentuig 
numerous important resorablances to tbt 
existing genus, which poasosses bicon- 
cave vertebrjs, are, for the most part, 
wholly devoid of ossified vertebra] ccit- 
tra. The Mesozoic Lopidostoidaj, again, 
have, at moat, biconcave vertebrse, while 
the existing LepidosUtta has Salaman- 
droid, opisthocfflloup, vertebra). So, 
none of the Palffloaoic Sharks hart 



shown themselves to lia possessed of osrI- 
] fied vertebral, while the majority of iDod- 

1 em Sharks posriesft such vertchm:, 

Aguin, the inoro ancient Crocodiliii and 
Laccrtilia hava vcrtchnu with tho artioti- 
Ur facets of their center flattened or lii- 
concavc, while tho modern members of tho 
same group have them proeo^lous. But the 
most remarkahlo examples of pmgresstvii 
modification of thetn vcrteliral colamn, 
in correspondence with geological rtgp, 
arc those afforded by the Pjcnoionts 
aman_7 fish, and the Lahyiinthudonts 
among Am phi hi a. 

The lute ahlo ichthyologist llockel 
pointed out the fact, thut, white tho Pyc- 
nodonts never possess true vertehral 
centra, ihey difEer in the det;ree of cx- 

Eansion and ciitcnsiou of the cndn of Iho 
ony aruhcs of the vcrtcliriB upon tho 
abcalh of the notochord ; Iho Carbon- 
iferous forms exhibiting liiinlly any such 



It negatives those doclrincs ; for it 
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mudilicalion, or demonstrates it to have 
been very sllglit ; and as to tho irnturo of 
thill modification, it yields no ovidenco 
wliatsoever that tho earlier members of 
any long-continued group were more gen- 
pralizcd in slruetiire than the Liter ones. 
To u certain extent, indeed, it may bo 
said that imperfect ossification of the 
vertebral cohmm is an embryonic charac- 
ter ; but. on the other band, it would he 
extremely incorrect to supiKisc tlp:it ihe 
jrtcbral columna of the oldor Veilibrata 



cmbr' 



n their whole 



expansion, 



while thu Mes 



; genera 



present a greater and 5;reoter develop- 
ment, until, in the Teriiary forms, the 
expanded ends become snttiraliy united 
8o as to form a sort t^ falso vertehra. 
Hermann von Meyer, again, to whose Iii- 
roinous researches wo are indebted for 
oar present large knowledge of the or- 
ganiMtion of tho older Labyiinthodouts, 
has proved that the Carboniferous Arr/ie- 
posaurut had very imperfectly developed 
VBTtehral centra, while the Triassic 
Ma»todonmuTua had the same parts 
completely ossified. 

The regularity and evenness of the 
dentition of the Anoplolherium, as con- 
trasted with that of Hxisting Arliodacty- 
Icft, and the assumed nearer approach 
of tbo dentition of certain ancient Car- 
nivores to the typiwil arrangement, have 
bIso been cited as exemplifications of a 
lew of progressive development, but I 
know of no other cases based on positive 
evidouee, which arc worthy of particular 
notice. 

Vbatthen does an impartial survey 
of tlio positively ;tscertained truths of 
palteontolofry testify in relation to the 
punimon doetrines of progressive moditi- 
ciili'Ki. ivIjLch vuppose that modification 
to ii^ive i:iliim place by a necessary prog- 
ress fiDui itiore to less embryonic forms, 
or friiiu 1IIOLU to less generalized types, 
within the limits of the period icpre- 
seated by the fossil If cro us rucks f 



stnicturc. 

Obviously, if the earliest fossil if ernus 
rocks now known aro coeval \\\\\\ tho 
commencement of life, and if ibelr con- 
tents givu iis any just conception of tho 
nature and the extent of the cailiest 
fauna and flora, tho insignincant iimount 
of modiliuiilion which can bu demon- 
Btratod to have taken place in any one 
group of animals, orplanls, is ijiiito in- 
compatible will) the hypotbfsis lliat all 
living forms are the results of ;l !ii;iTss«ry 
proocBB of progrci'sivR develu|>uiujit, en- 
tirely comprised within the lime repre- 
sented by the fossilifcrous rocks, 

Contmriwise, any admissible hypothe- 
sis of progressive modification must bo 
compatible with persistence without pro- 
gression, through indefinite periods. 
And should such nii hypothesis eventually 
bo proved to be true, in the only way in 
which it can be domonstmtcd, viz., hy 
observation and experiment upon the ex- 
isting forms of life, the conclusion will 
inevitably present itself, that tho I'alieo- 
zoic, Mcsozoic, and Cainoitoie faimie and 
tloraj, taken together, bear somewhat 
tho same proportion to the whole series 
of Jiving beings which have occnpied 
this globe as the exiriing luuna and flora 
do to them. 

Such aro the results of palieontologj 
as they appear, and have for some years 
appeared, to tho roind of an inquirer whw 
regards that study simply as one of the 
applications of tho great biological sci- 
ences, :;nd who desires to see it placed 
upon tho same sound basis as other 
brunchos of physical intgaiiy- If the 
argtiments which have bctn bioiigbt for- 
ward arc valid, piobubly no one, in view 
of the present statu of opinion, will be 
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inclined to think the time wasted which 
lias liecn spent upon their ekboration. 



A LIBERAL EDUCATION. AND 

WtlEHE TO Ji-IND IT. 
Tbe btisiness ttIiIcIi !!io Boulli London 
Working Men's Coltegn lias undeilttkfn U ii 
pent work ; imlefd, Iniiglil my, Ibut Edu- 
I'alirin, Willi ivliicb lliul t(i]le(;e proposts lo 
Rrapple, is the i;rfii!eal woik of all iIlobc 
vliicli lie leady lu u mao'a liaDd just nt pie- 

And. at lenglti, llils fail is liucomins gen- 
eially rec.ogtii7.iiii. I'ou cunm 
witlinnt lieuriug a buzz of iiioi 
faaed und contrudieloiy Inik on Ihi! 

nycn fnil lonolicelhai 



norencB in ILe governing classes of the pasl 
has uot been viewed wiili equal hurror T 

Comparo llie areraue ititisan and Ihe uvvr- 
age country aquire, and it may be donhled if 
yon will find a pin lo cliuoMi lieineen tbe 
iwa in point of ignortince, class feellug, or 
prejiulicu. It is Iruo lliat llie lijuorance is of 
tL different soTt— that the clus» feeling it in 
favor ut a different eiuas, and liiut the pre- 
jmlico has a diaiiuct favor of wroog-iteoded- 
Qcss in each citsc--ljut it is queHlionablc if 
llie one is either ii l>lt better, or a bit worse, 
liian the other. Tlio old proteetianiat tbeiiry 
is tlie doolriacof InideH uniuoa as iippUed by 
the sqiiirea, and the modern Irudes uninii- 
.... ^..,. '"'" 1* "'" ditctfine ot tlie squires applied by 
aubj«ct Iheaiiisan^. \Vhy aiiould we lie worse uli 
" poinl under one iSgiina Iban imdurlhu olher? 






at any lale. there is u veiy dteided advance Again, this scuptieul lulnorily aaiui the 
upmilike diacusaiuDB in forn.ct days. No- clergy lo think wlielher it is really want of 
body outside the agritulturul interest now educatinnwlilcli kaeps the masses awsj from 
dares to suy that ediirallon is a bad thing. ]f their miuislralious—wiiether Ibe moat com- 
nny repioscntativo nf the once Inige and pleiely educated men are not aa open to re- 
powerful parly, wbicb, in former dojs. pin- proacii on tliis scoru aa tlia workmen; and 
claimed Ihis opinion, still exists in acimi- wbctber, perchance, this niay not indicate 
fossil state, he keeps iiis Iliougblsto hiuiFolf. that it is uot ediieaiion which lies at the bol- 
In fact, (here is a cborua of voicev, allllo^l '^"^ °^ '1)^ m<Litcr K 

distressing la llieir liaimony, laised in favor Once more, these people, wliom there is on 

of the doctrine that education is the great P'fasing, venture lo doubt whelber the glory 

pauacen for liumnn Iroublea, and thai, if which rests upi)n being able to undersoil all 



Ihe country is not shortly to go lo Ihe dog?, 
everybody must lie cducalcd. 

The politiuinns lei! un. "yon mutt edu- 
cate the muBses beciiUFe Ihey bib goiug to be 
maaters." Tho tleigy join in llie tiy fnr 
education, fur they alSim that Ihe people 
lire drifliog away from diurch undthaptl 'ha oicitiau ui b< 
into Ihe bnitidc£l infidelity. Tlie maniifac- good for notbinsr^mc 
turera and llie mpitalists nvell llie clioiua And, finally, these people inquire whether it 
lustily. They deelato that ignorance makta 's the ma'ssi-s alone who neeil a reformed and 
bad workmen ; that England will soon be Improved ediicalioo. Tliey ask wbetbor the 
unable to turn out cotton goods, ot eleamen- ■''chest of our public schools might not well 
Binea, clieaper than other people; and then, bo made to supply knowledge, as well aa gen- 
Ichabod I Ichabnd I Ibe gloiy will be de- tieiiiaidy habits, a strung cloaa feeling, and 



the rest of Ilie world, is a very safe kind ()f 
glory— whether we mny not purcliiise it to> 
dear ; especially If we allow education, 
which ought lo ho directed ti) Ihe mabiag of 
men. to be diverted into a process of munu- 
factiiring hohi i tools, wonderfully adroit in 
lechnical industty, but 



purled from na. And a few voieca aie lifled 
up in favor of the doctrine Ihnt the matses 
sliould be educated becauactbey orexncn and 
women with unlimited capadiies of iwing. 
doing, and tuffering. and that it is aa true 
ni.w. as ever it was, Ihat the people pciisb 
fi?r lack of knowledge. 

These memhera of the minoiify, wilh 
wimm 1 confess I have h good deal of fiv\~ 
jiathy, aredoiiblfui wlielheranyof the other 
Tcaaons urged in favor of the education of 
Ibe people are of much viilne — whether, in- 
deed., same of liieni are I a'-ed upon either 
wise er nohlo griiunds of Di'lion. They qurs- 
tiun if it tie wise to lell people that you will 
do for them, out of fear of iheir power. 
what you have Itft undone, so lung as your 
only motive was ceinpaisinn for thdr weak- 
ness anfl their Borrows. Ami, if ignoranceof 
everything which it is needful a luljr thoiild 
know is likely lo do ao mnrbhaimin ibc 
governing classes of the fiiturf, why is il, 
they nsU reasonably enough, ibat Bucli ig- 
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proficiency in cricket. Tliey seem 
to think that the noble foundations of our 
old unii'trsilies are hardly fulfilling their 
funotions in their present posture of half- 
cieriua! seminaries, half racecourses, where 
men are trained to win a senior wranglerBhip 
oradoublu-Urst, as hocsos are trained lo win 
a cup, with as little reference lu the needs of 
after-life in Iho case of the man as in Ihat uf 
the racer. And. while aa zealous for educa- 
tion as the rest, tbey afBrm that, if the edu- 
cation of the richer classes were suehaa to fit 
Ihem to be the leaders and Ihe governors o( 
the poorer ; and if the education uf the 
poorer classes ware auch as to enable them t.i 
appreciate really wise guidance and good 
governance ; the politicians need not fear 
moblaw, nor the clergy lament their want of 
llocka, uor the capilalista prognuslicate Ibe au- 
nihiialion of (he prespetjty of llie country. 

Such ia Uio diversity of opiuion upon the 
why and the wherefore of education. And 
luy litarera will be prepared to expect that 
the practiciil reeninmu-ndalions which are put 
forward are not leas discordant. There is a 
loud cry for como'iiaory education. WoEng- 
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lisli, In Bpite of uonstant experience to the 
contraTy, preserve a trmclimg faith in the 
efficacy of nets of parliiiinent ; and 1 believe 
we atmiilJ have compulsory educulion in Ihu 
coui-ae of nesl. sessiuu, if iliero were ilie least 
proti:il>ilil>' iliat Eialt a dozen lefldiag slates- 
Diea of different paniea would agree whiit 
tbut u'lncHlinn sbould be. 

Sjrm; tiold Llmt eduLiilion without thn jlo^y 
la wursB than none. OLhore malnlBiu, qiiiiu 
aa strongly, that educulion with theology is 
in the same pmdicnmtint. But thfe is i-er- 
lain, Ihut Ihoae whu hold the flrat opinion 
Oftu by no means agree wliat Ihenlcgy should 
be lnus;h[ ; and that those ivho maintain llie 
suuond are in a small minuTily. 

At any rale. " inaka people learn to read, 
write, and ciph'jr," say a (jreal many ; and 
lUe advice la undoubtedly sensible as fnr as 
it gDca. Hut, 09 has happene^i to me in for- 
mur days, those who, in despair of gelling 
■nylhing beiler, artrncate litis mcasuru, are 
met with Ihe objection that it \s verv like 
makioKii child praitice the use of a knife, 
fork, and apoon, without giving it b particle 
rt mi!Ul. 1 ie:iiJy dun't know wliut jeply ja 
to be made to siidi an obieelii^n. 

But it would be unproHlalile tosiiendmure 
lime ia diaenl angling, or rulber in showing 
ui^i the knots in, the raveled akeins of our 
neighbors. Miicii more to the purpose is it 
til Hsk If we pussess any clue of lur own 
wbifh may ijuids us among these pntsngle' 
menis. Ana by way o[ u l)ek:mninK, let ua 
BHk ouradvt^s— What is educaiiou ? Above 
ai; things, what is our ideal of u IhorouKhly 
lltwral educalioit ?— of that education wlueh, 
If we could begin life again, we would give 
outBelves— of ihal educaiiou which, if wo 
couid mould the fates to our own will, we 
would give our children. Well, I know not 
what may be ynat conceptiims upon this 
matter, but 1 will icll you mine, and 1 hope 
I ehHll find that our views arc not very dis- 
aefoutl. 

Suppose It were perfectly cerluin that the 
life and forluno of everyone of us would, 
one day or ulber. riepeud upon his winuing 
or loaioj: u ;jiinie iil cIichs, Don't you think 
thaf we Bbi'ulii all consider it to bo a primary 
doty to leain ut least the names and the 
moves of the ])ieeea ; lo have a iiiition of a 
gambit, and a keen tye for all Ibe means of 
giving and gelliag out of check* Do you 
not think th:it wo should look wlih a di»iap- 
pTDbatlor. amoiiatini; lo ecoiu upon Ihc 
father whr> allowed his son. or llie elaie 
whicii nll'mcd ilB members, In grow up with- 
out kuiiwiui; a pawn from a kuigbt 1 

Vel it ii :i VLTy plain uud cleniunlary truth 
[liat till.- lih', Ibe fortune, uud the happiness 
of every •>!!•.■ iif us. and. more nr less, of 
those wiio avi.1 rnnui'dcd wiih us, do depend 
upon •nir kiniwiiig somotblni; cf the lulcs of 
a ^ami; jof-niii.ly more difficult and compli- 
cale.l liim^ (■licsH. It la a giimu which iles 
been played for untold ages, every man and 
WOimui of us bciiig one of the two players in 
ageuno ot hia or her own. The chess-board 



is the world, Iho pieces nrc Ihe phemimena 
of the universe, the rules cf thwgnmeare 
what we call Ihe lawaof Nnluro. The playei 
on the olher ntdo is, hidden from us. Wo 
know that h's pluy is iilivays fair, just, and 

Eatienl. But i,]a i wo know, to ou,' coMt, that 
u never i vei looks n mistake, or makes Iho 
smaliust iilliiwanco for ignorance. To the 
miiii whn plays well, Ihu liigheEt stakes bio 
paid, wlIU IliBtsoit of ovetflowinjgenerosiiy 
with which Ihe strong shows delight in 
Btrenjrlii, And one who plays ill la c-betk- 
matcd— witliouC htists, lint wilhout remorse. 
My metaph:ir will lendiid »nmo of you of 
the famous jilciuru in which HeiZKCh baa dc. 
picteil 8aian |>liiyln^ at cliess with man for 
his s-iul. Sulisliluia for Iho mocking £i-nd in 
Ihjil picture, a calm, sfrnng angel who Is 
pliiylne for love, at we fay, iiml would 
rather loss tb]in win — and I (.bould accept it 
as an imago of human life. 

Well, what I menn by Ednenlion is learn, 
ing the rules of Ihii nilghly game. In other 
words, education Is the instruction of the in- 
IcllecC in the laws of Natupe, under which 
name I incldde not merely Ihings and their 
forces, but men and Iheir ways ; and Ihe 
fashioning of the aSeclions and of Ihc will 

harmony with ihose lawsT For me. educu- 
tiuu means neither more nor less Ibau this. 
Anything which profe-'Wes lo call Itspif edu- 
cation must be tried by this elandatd. and if 
it fails to stand the test, I will nut call It 
educalion. whatever may bu the force of au- 
thority or of numbers iipnn Ibe other aide. 

It ia important to remember that, in strict- 
ness, there is no such Ihln!^ as an uneducated 
mail. Take an extreme case. Suppose that 
OD adult man, In the fidl vigor of bis facul- 
ties, coidd t>e suddenly placed in Ibc world, 
us Adam is said to linve been, and Iben left 
to do as he best might. How long would he 
be left uneducaleil ? Not five minuiea. No- 
lure would begin to leach him, through the 
eye, tha ear, the touch, the properlita of ob- 
jects. Pain and picisure would be a1 Ida 
elbow telliug him lo do this and avoid Ibal ; 
and by eIuw degrees Ihe man would ri'ccivo 
an edurall'jn, which, if narrow, woidd be 
thorough, r«al, and adequale lo bis ciicum- 
Eiunces, though there would be no cztraa 
and very few accomplithmeRls. 

And if lolhia eolllHry man entered n second 
Adam, or, heller eiill, iiu Eve, a new and 
grealer world, that of tocial and moral phe- 
u'lmeua, would be levealctl. Joys and woea, 
conipaied with which nil nlliers might seem 
liut faint abadiiws, would *piing from ibe 
new relations. DtippluesB and aoiiow would 
lake the place of Ibe c<)nrter monitors, plea- 
sure and pain; but conduct would si ill he 
shaped by the obteiyution of ihe calm ul con- 
Kequences of actions ; or. iu olher wuidB, by 
the laws or Ihe nature pf num. 

Totvfiyoneof us the woild was once a'l 
frCHh and new as to Adam. And Ibin. bug 
befiiio we wcie fiitciptiblo of any c'her 
mode of inaliuclion. Naiuie look its in 
hand, and every minule of waking life 
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bruugbt its criutnllonnl infitience, fhnping 
nur iiiiliuns inlii iO"i;li iictordnnce ■willi Kn- 
tnre'8 laws, uu lUai oc niiwlit not be emlt-d 
nntimuly by too gniEK ihcobedienci'. Nur 
ebould I speiik of Ibin picciss of cducollon 
HS puBl, f cr BH.vcnp, bn lie bb old iis bs mny, 
For evEiy mim, Ihe worlil is ns frceb ns it 
-nas at ibo flrsl day, aod as full or unlold 
iiuvflUes for him ■who bas llie eyea lo kbb 
Ibiin. And Natutu is elill (.'onliiiuing licr 
patient etiucatinn of iia in Hint gient UBiver- 
alty, Ibe univeitt, of wbicb ve are all mem 
be' 8 — Nature Laving no TcbI-AcIb. 

TboEe Willi take bonoiB in Naluru's uni- 
vereiiy, 'wlui linm llie laws which govem 
nitii and iiiiiij:B«nd obey ihcm, ate llie really 
gnnt nod nif (.'ibtru! men in ibis woild. The 
gi<nt niiiSH of monbind nte Ihe " Poll" who 
riek up jiitl enough lo get ibraugh -wilhout 
much dificrcdil. Those who won't learn at 
all ftie plucked ; uiidlbcn jou cun'tcome up 
Hgnrn. Maluie's pluck luenna exlenninBlion. 

Thus lliequestlouof compulsory educBlion 
IB fcltltd to far as Kotura is ccnceiued. Ber 
bill on that guesiinn whs framed and passed 
louR ago. But. tiho all tompulsoty k'tii^la 
tioti, thut of Nsluie is har«h and wiislelul iu 
il3 operation. Ignorance is Tisiled as sliai ply 
as -wilful disobedience — incajiaciiyi — ' — ■"• 
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o punishmpnl as I . 

clpliae is not even a. word nnrt 

the blo%v fiist; but Iho blow wilboul Ihe 

■worrl. It is left to ycu lo find cut why your 

ThBolijectof what wb commonly tall edu- 
caliOD — Ibut tducatlon in whiib man inler- 
TEoea and which I Ghiill diEliD^iii^h aa utii- 
ficial tducntion— ia tu make giud ilitEO de- 
fects in INuiuie's melbodit : tu ntepaie Ibo 
child lo retfive Naiuie's td ucii lion, udl her 
incapably nor igLornnily, nor with wilful 
disobedience ; and to uuileislund the prclini- 
jnary symptomaof her dlsplcHEUie, without 
wiiiling for the bos on the ear. In Fhoit, all 
artifidiil (.diication ought to he anuulicipa- 
lion of nuttiral education. And ii liberal 
educuticu is an niliflciul education, which 
baa not only prepared a miin to (scapo tho 
great evils of disobedience to natuinllaws, 
but has trained liim to appienale and to 
seize upon Ike rewards which Nature scat- 
ters with as free a hand as her peutiltita. 

That man, I think, hue hud n bberal edu- 
cation, who has been so trained in youth tliut 
his body is the ready servant of his will, and 
does with ease and jilcosiire all Ike work 
that, aa a mechanism, it is capable <if ; whose 
r Intellect is a clear, cold, logicenirine. with all 

its parts of equal strength, and in Hmooth 
wnrking order; ready, like a sti am-engine, 
to be tiiroeil to any kind of work, und bpin 
Ihe goEsainers as well as forge the anchnis of 
the mind ; whoso mind is stoied with a 
kiiiwledgu of the great and fundameii(al 
Iriiihs of Nature and of Ihe laws tf her 
nperalbna ; one who, no i-lunled ascetic, is 
full of lifo and fire, hut whiisu pussioua are 
tiMUicil Ift conu) tu heel by a viijcroua v;ill, 
Ihe aervant of a tender conscience ; who has 
-Icuned lo love all beauty, whether of Nri- 



ture or of art, to nale all viiwieaa, and to re- 
spect others us himself. 

Buch an oue and uli othrr, 1 cunccive, has 
had a liberal education ; fur he is, as com- 

Sieteiy as a man caa bu. lu hunuoay with 
iature. He will make the liesi of bar, and 
eheof blm. They will gel on logether rarely,- 
Blie as his ever-beaeflcent mother ; ho as liei 
moatb-plecc. ber conscious self. Iter minister 
and interpreter. 

Where is such jin oducnllou as this lo be 
"ad ? Wliufii is there an.v appruximalion to 
itV Has anyone tried to found such an edu- 
cation ? Looking over the len^^'th und 
breadth of these Islands, 1 am afraid that all 
these questions muat tecelve a negative an- 
swer. Consider our primary sehnols, und 
what is taught in them. A child learns : 

1. To read, write, and cipher, more or less 
wall ; hut in a very liirge proportion of 
cases not so well us to take pleasure in 
reading, or to be able lo write the commou- 
est letter properly. 

S, A quantity of dfi^mnliu theology, of 
wldch Iho child, nine timeii out of ten, un- 
derstands Dust to nothing. 

3. Mixed up wilh (hU, so as to seem lo 
stand or fall wilh it. a fevf of the biiiadesl 
and aimplust principles of morality. This, tu 
my mind, is much as if a man uf science 
should make the story of Ihe fall of iha 
apple tn Nawlon's garden an integral pi>rl 
of the doctrine of gravitation, ana teach it 
ns of equal authority with the iitw of the in- 
verse squares. 

4. A good deal of Jewish history and Sy- 
rian geogriLpiiy, and, perhaps, a liille some- 
thing ubaut Euglish history and the geog- 
raphy of tho oliild's own country. But I 
doubt if thura is a primary a uhool lu England 
in which haul's a map uf the hundred la 
which the villaopo Jies, sfi that the children 
may he praclically taught by it what a map 

5. A certain amount of regularity, atten- 
tive obedience, respect for oltiDrs ; obtained 
by fear, if the master be inanmpetent or 
foolish ; by loveaud reverence, if hebe wise. 

Bu far as this school course embraces a 
training in the theory und practice of obedi- 
ence to the moral laws of Nature, I gladly 
admit, nut only that it contuios a vnluubfa 
educational element, but that, so far. it deak 
with the most valuable and important part 
of uU oducation. Yet, contrast what is duue 
in this direction wilh what might lie done ; 
with tho time given to matters of eompaia- 
lively no importance; with the absence of 
any attention to things of the highest mo- 
ment ; and one is tempted to think of Pal- 
stufi's bill and " the halfpenuy worth of 
bread to all that quantity of saclv. " 

Let us consider wliat a child thus " edu- 
cated" knows, and what it does not know. 
Gl'^Iu with the most important topic of all — 
m'lralily, as the guide of conduct. Tho child 
knows well enough that some acta meet 
with ;ipprobatiou and some with disapprol>a- 
liin. But it has never heard that there ties 
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workmiin, wiioae etrcDgth is vn&teil by III- 
prepured f(io(). wlioao hfiillh la Enpptil liy 
bad vtinliliiltuii nud bud drainnire, »Dd lialf 

■whose dliildrcn aie massacred liy disordcii; 

pulting which might be prevented. Not only does 

ml of a. our present primary eduealinn cui'efuUy ali- 

Bliiin from hinting; to the woikmnii Ihat Bumu 

, j_ .„ ^ of b[s grcBtest evils nro Itocenl'ie In meiu 

raa&ion, Willi Iho brood liiws uf moralily, he physlcnt nireiicies, wliicli tould bt.' nmoved 
has had no Irnioing iu the ttpplicalion of by eucrgy, patience, aud frugality: bul it 
tUoaelaws to the difficult problems which te- doea wjrse— it renders llim, wi far bb it can. 
suit from the complex coadilioQS of modtrn deaf loihuao who could hilp him, uod liitK 
clvillzalinn. Would it not be very hard to t" BUiwlitiile an Oriental Mibmi™ion to Trhal 
expect anyone to aolve a problem in conic ia falsely rieclared to ho llio will of God. for 
ieolions who had merely been laiight thu ax- his DRtnral tendency tu strive uftcr a " 



fa Ihe nature of things a reason for every 
moral law. as cogent and as well defined aa 
that whicli uiidorlius every physical law : 
that filesling and lying are just its certain Co 
be folluvred by evil cooseqiieucea, ai 
your hand la the Are. or jumping 
{^irret wiDilov. A'raiQ, Ihnu^h the scbolHt 
m^have been ma(ie acquainted, 'odngmal'" 



loms and dedniliona of mathematical eciei .. . 
A workman hua to bear hard labor, aud 
[lerhapH privation, while heHeeaoIhcTsruUiDg 
in weallb, aud feeding Iheir du^e 
would keep his children fmm starvaiiou. 
Would it not be well in have helped that 
man Iti calm the natural promplings uf dir 
RODtent by ahowlug him, in his yaulh, th 
necessary conneclluu of the moral law whieh 



conditiiin. 

What wonder, then, it veiy recpnily an 

appeal lias been made to BtalisliL-s for the 

ith what profoundly foolish piirpone of elmwinti that 

ducation ia of no good^thal it diminishes 

Ither misery nor crime, among iLe tr 



,..».. ...f,^ ... ...... of mankind 1 1 reply, why shduld Ihe thing 

his youlh, the which has been called eoue "-- ^- -'■•--- 



Ihso 



r the olher ? If 1 i 



prohibiiii Btealiug with the Ktubilily of ho- fool, teaching me lo read and write won't 
ciety— by proving tu him, once for all, that make me less of either one or the other- 
it 13 better for his own people, heller for unless sumeliody showa mc how to put my 
himself, belter tor future generations, Ihat reading and wiiling lo wise and good pui- 
be should starve llian Biettl ? If yon have ni> poses. 



faundatioQ of knowledgi . 

thought, to wurk upon, what elumc. . -f- 

J'pu of persuading a hungry man ihui a .:.,'- 
lalist is not a thief " with a druumntn- 
djbu^" ) And if he houeutly believes I hut, 
of wliBt avdl is it to quote the command- 
meoE against Biealiog. when he proposes to 
mAke the capiialist disgorge 1 



Buppijso any one were lo argue that niedi- 
cino IB of no use, because il could be proved 
BlatUlically that Ihe percentage of deaths was 
Just, the same among jirople who llod been 
lauglit how to open a medir:iQ«-chesl. imd 
among those who did not bo much il" kniivr 
the key by sight. The argument la alisurd : 
' preposteniua thnn that 



.„-.". ...a child learnB nbsolutely nulblng against which 1 nm cunteodiug. The only 

of'the hisloryor Ihe political orgaaiZHiiiin of medicine for suffering, crime, and all the 

hia own conolry. His gcntral imprtaaion ia, other n'oes of mankiud. ia wisdom. Teaeh 

that cvcrylhing of much impnilsuce hap- a man tu read and wiiie, and you have pul 

pened a very hiog while ego ; anil Ihat Ihe inlo hIa hands Ihe great keys oi the wisdom 

queen andliie gentlefulka gi'veju Iheciruutry box. But 11 la quite auolher matter whtlher 

iDUch fltter the fashion of King Duvid and he ever opens Ihe bos ur not. And be ia as 

IUh elders nod nobles (if laiatl— his sole likely to polsOD as I o cure bimaelf. If. with- 

raodels. Will you give a man wiih this out guidance, he swallows the first dnig thai 

much infortmttiou a vole Y In easy times he comes to hand. In Iheso limes a man may aa 

sells it torn pot of beer. Why shuuld he well lie purblind as unable to read— lame, 

not T It is of about as much uku to him i a as unable lo write. But I pioiest that , if 1 

chigmn, uod he knows as much whtil lo do thoueht Iho alternative were a necessary 

witu II, for any other putpoae. In bad one, I would rather Ihat Ihe chililren ii' the 

times, im the contrary, ho applies his i^imnlu poor should grow up jgnorant of both these 

theory of government, and believes Ibul hia mighly uita. than thut ihey should r 



iiilere ar'i the cause of bis suiferings- 

lief wbtuh somcilmes beais itmatkable proc- 

ticHl fculls. 

Least of all. does the child giiCher from 
Ibis primary '■ education" of ours a concep- 
tion ot the laws of the physical woild. or of 
Ihe relations of cause and effect therein. 
And tliia Is Ibo more to be lamented, as the 
poi>r am especially exposed tu physical evils, 
and lire mure intercsled in removing Ihem 
than nay other clasa of the community. If 
iinyonH is concerned iiikuoniog theuruinary 
IdWd III mechanics, one would iliink it ia ibc 
hand-hitiorcr, whose dally tell lies among 
icvors and pulleys ; or among the other im- 
plements of artisao work. And if anyone is 
interested in the laws of benllh. it is the poor 



iguuruut of that knowledge lo which U 



It may be raid Ibnt all theee acimndver- 
sirns mJiy apply to primary Echoola. but Ihct 
Ihe higher gcIjoqIs, at any ti;1e, muet be iJ- 
lowtil 10 give n liberal cducnlion. In fact, 
ihey pioffssedly sacrifice everything else lo 
this object. 

Lit us Inquire into this matter. Wlial do 
the biglKr tthoijls, those to which Ihcguxi 
middle dnia cf thecouuiry Eends itchiluieii. 
leach, ovrrnnd above ihe instruction givtn 
in Ihe primatyechools? Tbeie iaaliltle moie 
leading and writing of English. But, for all 
that, everyone knows that it Is a rare Ihing 
to find a boy of (he middle or upper classes 
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who can rti,H olcurl dccenlly. or who can put 
hiB tlicufliro en rmier in clear udU BraDiitial- 
ur.l (li'irymlliiiifrof t;B<,d or elefiaul) lan- 
! rr-c Tlie - ciiilaiiLt'" of lliv IbwtrEchuoIa 
c\|jiiijilH mm il(tinr:iiLiy mnlLtmolits in 
lli(' liii:lnr; iiilo ..ikLnifiic, Willi o lillie h1- 
pI'Hi. ii]iiii<^Ki„litl. But 1 doubt it one hny 
It. f.i!_|juii(Ii((l Un c'vtTltoiii ilietapjniiii- 
ii'iitf n luleof iiriiliniclic, orkoowsliisEu- 
tliil lilnmisciliiiri liy rule. 

or iL(i.l(j.-v, ilic middle clafB pchrolljdy 
gjla rslliW k^tslhnu yiaater children, ie^e 
uliKiiliikly and Icbb rdallvely, hecoll^o Iheie 
fliu Eo many orhei eluiniH upon liitt mifniiii'i, 
Ivfnlme lu toy lliul, in Ihc prtut mnjnrily 
ot catcp, liii UleuB en this sulijpct wLtn he 
leaves Ei'liool uic of the nioEl (hadnwy nnd 
tegve dticrlpliun. and OMociakd wilh pnin- 
fu! unpiestions vi llie weniy Lnute eptnt In 
JtMuinifcolleclH and culEcliiJin by hioH. 

Uodeni gecgTBpLy, inoileui hlnoiy. mod- 
«ii likialure, tLt Englidi knBUBge as u 
lflEgu»Ec; tliewholu citde of tbe ecici<i!(F 
pliyFitBl. muiul. and social, are evin mcio 
CLttpleltlj ignoitd in ilie LigJicr lUnn in 
Ihe iGWfr E(l)f*ln. Up. lill -RlfhiD a ftw 
jeaiB luck. « boy niiglii have pasatd ILrcufiii 
nnycne of Ihe juf.t puliljc frLoula Willi ibu 
nunUst ditlintiiun and cndil, and miplit 
ntver so Biucb as liHve heard of dce of tlie 
lubjecle 1 bate Ju*I mtnlioEed. Be mi^bt 
WTir have htanT that the (urlhgutH loimd 
ibu Enn ; ihal England tiniteiwmt a gnat 
itvolution in 1C6B, und Frante arn^Ilier in 
ITSii; ilml Ibeit cDrc livid reilainnniaMo 
men cailtd Chamcr, BLakiipiute, Klllon, 
Vifftaiie, Obillie. Sibiller. The firsl might 
lie a German and ihe l»Bt an EnFliflimari for 
anylbinj: be could (ell you lo Ihe iinlrdry. 
And aa for Bcience. ilie only idtn liie wurd 
would suggest tobismicd would he deileiiiy 
in boxing, 

I have (aid Ihat this was the elate of 
lliingB a few yiHrs hath, fur Ihe Eiike of ihe 
few rigbteonB who are to he fuund smtng 
Ihe tducalional cilies uf the plaiu. Bui I 
would not have you loo eniiguine iibiul ibe 
result, it you sound Ibe mludsnf IlieexiBliog 
generalloo of publit; whoolhoys, on tucb 
topics as tboae I have mEnliiimri. 

Now let uB pause to cncBider ihie wonder- 
ful slalu of affairs; for ihciime « ill come 
when Englishmen will qunle it aa the sictk 
exomple of Ihe slolio Blupidily of their ances- 
tors in the ninfteenlh century. The nittt 
IhoFonghly citrnmercial people, (he grcKlcst 
ToJuolaiy wanderera sod oolnnisls Ihe world 
has ever seen, are prefisely Iha middle 
claeaes of Ibis cuiiniry. If there be a pcnple 
wbioli baa been busy makiiLg history on the 
jjrtat scale forlbe laatllireehundred years— 
uad llie most profoundly interesting history 
— Uislory which, if it happened lo Lib Ihat of 
Greece or Roma, we should study wilti 
nvidity— it is ihe English. If there be b. poo- 
pla which, during the same puriod, has de- 
veloped a rcmai'kahle literature, it is our 
owu. If Ihere he a nalion whode pn)aperi[y 
depends ah.soliitely and wholly upuir their 
"TMleryover the forces of Nature, upon Uieic 



Intelligent apprehension of, and nbcdlcncc 
to. Iho laws i>f the creation and dial rihui inn 
of wealth, nnd of the alaUe equillh.inia lil 
the forces of society, it is prutjsi;ly IhU ii'i- 
tiou. And yet ibis is wha[ llie.-u woit.li'riul 
people tell iheir sons; "At iha osl uf 
frum onetotwolhuusand poundaof ourliard- 
camed money, wb dovoie twelve i>( mo 
most precious yc:irB uf your lilies to schoiil. 
Then you shall tuil, or bu supposed ly lull ; 
buMliereyuiiabnll not learn onaeinEle iliiiig 
of all ihnso ymi will must waui lu fiaow di- 
rectly you leiive sclmol and euler upon llio 
piaiHicul business of life. Ton will Id all 
probability gii into Imsineas, but you aliall 
not know where, or how, any articfo i>r com- 
merce la pniducoil, or tbe difference between 
an eKpi}ri or an import, or the meaning of 
the word 'capital.' You will very llfecly 
seilla in a. colocy, but you shall not know 
whether Tasmanli is part of Sew Bomli 
Wales, or tiea Tcrail, 

" Very probablyyoii may become -i raanu- 
faclurer, but you aliall not bo prondeil with 
(he means of uudorslttnding the working of 
one of your own sleum-eogincs, or ilie ua- 
lurf! of Ihe raw products you employ ; und, 
when you arc asked to buy a puien^ you 
Bhall not have (he slightest uieims of judging 
wheihet the inveut.ir is an impostjr whi> ft 
contravoning the tlsmeolary principles of 
Bcienco, or a man who wdl make you us rich 
as Ciueaus. 

" You will very likely get into the Ilnusa 
of Ciimnious. You will have to lalto your 
share iu making hiwa which may prove n 
bleasiog or a curse lo millions of men. But 
yoii shall not hear one word respecting Iho 
political or^niKdtiiin of your country; the 
meaiihig ot Iha controversy between free- 
traders and proteciionisia shall never havu 
been mentioned to you ; yon aball not so 
mucli as know that iliere are such things aa 
economical laws, 

■' The mental power which will be of mnrt 
Impottanue in your daily life will be Iho 
power of stemft things as they are without 
regard to aulboriiy ; and of drawing accu- 
r.iie general conclusions from particular faeta. 
But at school and at college yuu shall know 
of no suuriiQ of truth but authority ; nor ox- 
erelsu your reasoniug faculty upon Bnyihing 
but deductiun front Ihat which is laid down 
by authority, 

" You will have to weary your soul wilh 
work, and many a time eat your bread in 
sorrow and in bitterness, and yuu aball not 
have learned lo lake refuge In the great 
Bjurco of pleasure without alloy, (hu 
serene resling^lacc fo.- worn human nature 
— Iho world of art." 

Said 1 not rightly that wo are a wonderful 
people ? I am quia' prepared to oil jw, Ihat 
educalion entirely devotod to Iheso omilted 
KulijeciB might not bo a compleli-ly lilierul 
education. But ia an education which ig. 
nores them oil a liberal education 7 Nay, it 
it too much to say tlmt the educalion whicli 
Hhoiild embrace these subjects unci no others, 
ivould bo a real educalion, though ai ' 
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plele one i 'wliilo nn tiduciitToii whith omita 
tlicm is rinlly not an cducntion ot nil, Imt a 
moio or Icsa usetui courae of inltllcMual 
gymaaslicB f 



excpllcDceB. Nexl, I could esetclst- my lioya 

upnn cuvy fusslle, uid Iiriufc out uU ilidr 

jjowura of memory and all tlii'lr ingimnity in 

ilieapplicatinnoE myoateo-grammaiitul lulti 

In llio inlcrprctutioD or oonstruiug of llxico 

fnigmimla. To (linso who had n-aiaiud lliu 

lii^(i<>r classes, I miglit supply odd bones lo 

1h! Itiillt up liita animals, giving grout linunr 

and lewiird lo him wlio auccetdud In [iibi!- 

n!<t enilrely in HCcordunco 

TImt -would aiiEvrtr la 

king uud cfGay-%v riling liillicdcad 

nruagiis. 

Toliesure, if agreatcomjiaratWoiiDatoniJst 

^. ^i—™.., u. „,.w uru lo look ol tlii'so fnljriciillons. lio mi^'lit 

OccuptUiona. nur auy sympiilliy Tvith Ihuse Bliako Ids head, or laugli. But wiint tlitn ? 
who niu UifBi down. Oil ilia contrary, if Would wich a calastrnpliu dwiroy Ihc par- 
my opporluuilies had lam in that direclkm, "'Ifl? Whut think you wuuld Cicero, or 
Ulere ts uo iuvcsligalion Into which I wiald Horace, Boy to Iho produclion of tlio liest 
tare thrown Diysclf wiih greaier delight sixth form going? Aort would nut Terpnci 
l&oii Ihal uf antiiiuily. """ '•'" " — "" " 



For what does the middlc-ctiiss Echool put 
la Ihe ]i!iico of iiU llieau Ihiniis which uro 
}ef( out t II euliBlltulcs what is usually ccm- 
priseil under Ihe eompcudious liitc of Ibu 
''cluMica" — iLal U lo say, the InuguageK. 
tho Utcraturt), and the hiaiury of thu ancient 
Oreeks and llomans, and tlic gengropby of "^"""K mouaiera n 
mt iiuiuh ot ihc world as wiw kuowu U> """' "'" "''" 
IheBU ttvo great auliooa of ontiqiiily. Hvv.-, 
du not expect nie to depreclalu the earneat 
And enlightened pursuit of elaaaical learulug. 
I baroujl the i(ast desire luspcitk ill of m ' 



with lliB rules. 



atop his enrs liix-A luii out It he could be 
present at an English performance of hla 
ownplnya? Would (iHmlel, in Uiemnutha 
(if a set of Fn-uch aulors, who ahuiild insist 
rn pronouncing En;^lish after the fashion of 
their own tongue, l)o more hideously ridlcU- J 
lous 1 I 

Hut it will be aaid that I am f opening llie 

heauty and Iho Jiuin«n inlerei't which ap- 

pcitain to classical Bludies. To this 1 reply 

the ialirir^S of a° NieUuhr. mal il is only a vpiy uron- rmu who can 

olo? Clusnicol lilHtory is "pp'tciate Ihechmmsof u luniiBcape, us he 

■ ■ loUiuK up a Bleep hill, along h bud rand. 



Wliat science caii pcesent greater 
lions lliafl Vli'lology !r lluw can a lover of 
llterury ezcctlunce tail to rejoice in tJio au- 
)Cieat moslG I pieces? And wlih what coH' 
riat«ncj could I. wlioau husiuess lies so 
)Di!cti In tliu attempt lo decipher the pnst, 
Knit In liuild up inietliglhle tutms out of ihc 
ecatlered (tuginculs of k'ng extinct heings. 
fall 10 lake :i sympathelic. though nn uu- 
Icnrncd. it 
a tiilibon, 

agreal section of the palaeontology of 
mad 1 huvo lliu tamo Ooulile respect for it 
for other klnda of palcoiiloingy — that is lu 
•ttr, a respect for the facts which ilesl-'- 
Kancs nn fur all facts, and a still greater . . 
Bpei-t fur It as a preparation for the discov- 
ery of u law of pi ogicsa. 

But if Ihu elastics weie taught as they 
might lie tnua;lil — If hoy^ and girls were in- 
Etrucled in tjcetk and I.titiii. not merely na 
liingUHi;c8. but iii illusnali.iu.s of philftlagii ' 
siiiencu ; if u viviil piiturc of life on ' 
»hr>feB of Hie Metlili^iiniiHuu, two thou i 



What with short -wmdedness. 

.._ ,,. ..._ _ nod a pervading Beaae ot the witdcni of rest 

a respect for the facts which i I est ah- "nd !« Ihaaklul. must of na have liltlo 

- ' ""— igh sense of the beautiful under these 

The ordinary fchiiollioy la 



^eisely in ihis c 



He finds P, 

inly Etecp, and there is no chaucu 

r.f his huviiig much lime or inclinutiLn to 

look ahuut him till he i>els to the lop. And 

niiiu timia out cf ten Ec dees not get to the 

tho t.,p. 

But If ihia lie q fair picture of the nsulta 



i imprinled cu the minds of of i;b8si(al tauehingut Ita best— and I (iulher 

bChulai'a ; It ancient hislorv were taught, Dot frtmllm^o who liaic aulhoiily tospcnk 

as a Weary scries of fuurla and flghls, hut *i"-b mallcralhat ilisBc— nhol '" " ' 

traced to Us causes in BUi'h men placed of clasaitnl ttaihing at its wiiitl 

UQiler such condltiona i if. losUy, Iho Bliidy wirUs, of ihe i Isttics of ouriud 

of ths chiBsital books weto followed in einss tchciclsJ* I will Icily 

nufh a mauuer a< to impress boya with getting up <" 

ihciP licauliea, and wilh the grand simplicity H mnuis tui 

of Iheif Blaiemunt of Ihe everlasting prnii- ''f'K fir Ihe 

• - of human life, iu«leatf v! --^ " '- ■-'' '"■■'-■■ 



bcMifd 
' in olbei 
ry middle 
11 B 



vci hal and ^riimmalical piculiarillcH ; I Elill 
ihiiik it OS htllo prnperthat iliey Nhnuld foim 
lUu hnaiH of u lIliuruE education for our cou- 
Ivmnorariud, us 1 should thiuk it fitting m 
liuike Ihil B'll rif pidtBiiuinhigy wllh vi'hiih 
1 am f.imiliur tlie backbone at luodcru cdu- 
culiiin. 

It is wnnderful how close a parallel to 
cla^lral training enutd he mnduout of Ibnt 
piil«>iit.ihgy Ij wliicn I lel'cr. Ij Ihe fi.sl 
(ilace, 1 uiiuld get up nn iislCDlagJeid primer 
ao aril], »o pelmatic in ils teiminology, bo 
oltogetlter dislaBicful ij the youthful mind. 



rules by hcarl. 

id Gicek inlnEog- 
btiug able to dull, 

itt Kgard to the 
woilh or woilhU'ttU'i.H ot Ihe author read. 
It menus Ihc hniniiig of luiiumcrable, out al- 
ways (Iccctit, fables in such n sliape Iliat Ihc 
mEuoing ihey once hud is dried up iniu uller 
Irath ; and ihe unly InipiiEEion left v.pca a 
tioy'a mind is, ihat Ihe pioplc who In- 
\'w\vi\ tui'li Ihiupa must have liEcn Ihe gtinl- 
i*t idli.is the weild <T(r taxr. And it mtniiB, 
liually, IhatafleradczcD^fura tpentatlhia 

• ForsJiiBtlflml 
Kduailoa," paaini, 



i 
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kind of work, the euflern -bull Iki incompo- 
icnt lo interpiit n po^fiisu in an ftullior lie 
Lu8 nut aimiiiv gel up : "i"' l*" "1""" loiillie 
llii!f-i«litotaGreckorLnlmlK)ok; and Hint 
)iu Bliuil never open, or think of, n cluesienl 
writer ogaiD, until, wonderful lo relnle. ho 
insists upon Biibnuiliug bis eons tu Uie sunie 

Thewj Im your gods, O lerael I For 1hc 
snke of Ibis net rei-ull (and tespeclabiiil.v) the 
UiitisU fallier denies his children all llie 
knowledge ihev might turn to account in 
life, not merely" for liio m^hievement of -vul- 
giir Buctess, but for puidance in the great 
crises of human e.\islenee. This is the kIubb 
ho oiTcrs to Ibose whom he is bound by Ibe 
Blrongcat ond tendercat ties to feed with 
bread! 

IE primary onil secondary education ore in 
this unaotistacioiy Plate, wbnt is lo be said lo 
Ibo univeriillies? This is an awful subject, 
and ona I almost fear to toucb with my un- 
lialloweil biindB ; but I can tell you what 
those tav who bsTo aulhnrily to spciik. 

The Rector of Lincoln Collcgf, in his 
lately publisbed, -valuulile " Bupgesliona lor 
Acudemicul Organiznllnn wilb eBpccial le- 
ferante tu Osfoid," tiflls ua (p. 127) : 

"The collegeH were, in their origin, en- 
dowmenls, not for the ckmenls of a eenerol 
liberal education, but for lbs prolonged 
dliidy of tpceial and nrofefsionol facultiea 
liyiuenot liper ngu. Tbo uuiTcrBities em- 
braeed lioth Ihiae obifots. The colleges, 
while Ibey incidcutnlly aided in tltineniary 
education, were fpeciully devoted to the 
highest learning. . . . - 

■■ This was tlio theory cf the middle-ape 
univerBily and llie design of c&lltgiali! foun- 
dalloua in their origin. Time and circnm- 
ulancts have brought about iil&tal (biinge. 
The colleges no longer picmcie the re- 
searches of science, or dircit profeBsionnl 
study. Xlerii and Ihcro college wnlls may 
siiclier nil occHflional Bliidtcl, liut not in 
larger proporlioua than may be found iu pii- 
Tiilo life. Elemenliiry leiiching i-f youlha 
under twenty is now the only f uncliou per- 
formed by Ihu univeisity, «ud iilmoBt the 
only object of college tndownienls, Collegea 
were homes for tile life-Btudy ut the hifrhtst 
and most alstruso partaof knowledge. Tbey 
Jia?o becomo boarding schools in which Iho 
rkuicnla of Ihu kiimcd knj^uagca arc taught 
lojoiilba." 

!E Mr. PntliHon's high poaliion, and his 
olivioua love ftud respect for his university. 
l>e iosuffloient lo conviui:o the outside world 
Ibat luriguago so aovcrcis yiit no moro llian 
just, iliQ niiihority of tho Comriiiasinners 
wh.i ifpfitled on the UniPcraily of Oxford 
lo 18.1(1 is open lo uo chuliengu. Ttl lliey 

■'II is micruUy aoknowkdgeil tlial bolb 
(Ixfon! and the country at largeauffKr greally 
from Ibe absence of a b:dy oC learuei! mi'ii 
devoting Iheir lives to the cultivatiim of sci- 
ence and to tho direction of academical edu- 



" Tho fnct that so few boote of profountl 
TK-L-arcb emnnslu from tho University uf 
Oxfuril. maturially impairs its elinracler ar 
set of lairuiii^, and cimstiiuenlly ila b-jld 
the respcrl of the nation." 

Cambridge can claim no exemption frt 
tlio reproaches addressed to Oxford. And 
thus there seems no escapo from the udmi:^- 
sion that wliat we fondly call our great scala 
of leamitig are simply " boarding-schuols" 
for bigger boys ; thut learned mea aro nnl 
more numerous in Ihem Ihun out of them ; 
that the advancement of knowledgo is nut 
tlia objectof fellowd of cclltges ; that, in the 
philosopliic calm and lucditutivo stillness of 
their greonswarded cuurls, pliilosophy does 
not thrive, und medilulion beari few fruits. 

It is my greiil KOud forluoo to reckon 
among my friends resident members of both 
universities, who are men of learning aod 
resuarch, zealous culll valors of science, kee^ 
ing before their miods a nobluideal of a U ' 
verally, and doing their best to moke tl 
ideal a reality ; and to nu-. ibey would m 
uaaiirily typify the univi-reities, did Jiot t 
autUorilulive statements I have qui.ted co; 
pelmolo believe that they are exceiilional, 
and not represent alive men. ludecd, npoa 
calm consider at ion, sevcnil cirounislances 
lead me to think Ibat tho Rector of Lincoln 
College and UiC Commissioners caunulbo far 

t believe there can be no doubt that the 
foreigner who should wlali to Iiecomo 
quaiuted with tho sclenlilifi or the litarary 
acllvilyof modern England, would simply 
lose his time and his pains it he visited or- 
univcrsihcs with thai oliject. 

And, as fur worlts of profound research Oii 
any subjoct, and, abovo all, in that classical 
lore far which the univeisilios profess lo 
sacrilico almo-it everything else, why, a 
thlril-iale. poverty -stricken German imiver- 
sity turns out more produce of thai kind in 
one year than onr vast and wealthy founda- 
tions claboralo iu ten. 

Ask the man who is invesligntiug BMr. 
question, profoundly and thoroughly— bo ft 
historical, philosophical, philological, physi- 
cal, lilorary, or tliuo logical ; who is trylnglo 
miike himself master of any abstrael sub- 
ject (except, perhaps, polilloal economy iiDil' 
geology, both of whlcii are intensdy An- 
glican sciences) whether he Is not compuHetl 
to read half a dozen times as many Oermuil 
as English books? And whether, of tlicss 
English Kioks, more lliim one la ten is th* 
woik of u fellow of acnllego, or a professor 
of an EugliBli university? 

Is thta from anv lack of power in tho Eng-: 
lish as uompured with llm Germnu miadf 
Tho countrymeu of Orule mil of Mill, of 
Fariidny, of Robert Brown, of Ly*ll, and I'l 
Djfwln, lo go n.) further back than lliu i-oB 
leinporiiiiea of men of middle age, mu 
Bttor.i t3 smilu at sach a sug^efliou. hit^ 
land can show now, as she has butn iiblu t. 
show in every generation since civil iziitii,( 
ipread over lUe West, iudlvidiiul mm 
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But, in the majority of CDScii, tbese men 
are what tlittyare in vlrtuu of Iheir uaiive 
intellectufll furcc, iiiid of n Htren^ELb iif cliar- 
Bcler which \viil not nco^oiza impi'ilioiunlj. 
Thoy lire not Iraiaed in'tliu couria of llic 
Temple of Science, hut Btorm ihu wnllsoC 
Ihat edifiCB in nil sorts of irrtgiilar waya, 
nail ■Willi much loss of linid niirl power, in 
order to oiilain iheir lugillmuto posiUons, 

Our universities nut only du nut enco'iraei: 
ench men ; do not offer Iliuni poeiliuna, in 
Trbicli it sliould be liicir iiiitlie&t duty to du, 
Ihorouirhly, that wliicli lliey are most capa- 
ble of doing ; but. as far ns pussible, univer- 
sity Iraininj; Bbtila out of the minda of Ihosu 
among Ibcm \rbo are suhjecled 1o it Ibe 
prospect tbut tbure ia unything in Ibe world 
for whicli they are specially fltied. Iinaj^ine 
the success of the atlempt to stiil tlii; intel- 
lectual btingur o( any of Uic men I liava 
mentioned, by puttinj; before; him. ns lliu 
object of Bslatence, the successful mimicr;,- 
of the measure of .a Greek song, or Ibe roll 
uf Ciceroiii.tn prose 1 Imugioo how much 
GncceBS would be likely to utieod ibe iiiiem|it 
to persiuide such men that the educntioD 
wbirli leuds t.t perfecliou in Eueh elegnriL-iea 
is nlooe to be c.tllcd ciiltnre i while the facts 
of liislory, the process of Ihgnj^hl, Ibe cud- 
dilions of mond and social exjstcncc, and 
the laws of physical DSture, arc left to bu 
dealt with as they may, by outside Imrba- 

II is not thus that the Qflriiinn universities, 
froni beiag bcneatii notice n century ngo, 
have become what Ibey are now— ilie most 
intensely cultivuled aiiJ the mo<it produotivo 
inlallectuul corporaliona llie world lius ever 

The student who repiiirs to them recs in 
Iho list of clasa^is ami of proresaoi's a fair 
picluie of the world nf Itnowledge. Wluu- 
^er be needs to know, there ia unmo [>nc 
nady to leach bim, some oiio competent ta 
discipline him In Ibe wiiyiif lencuing ; what- 
ever his special l>ent, let him but lis able and 
diligent, aud In due lime lie shall find dis- 
tinction and a career. Aiiiuug his profes- 

and revered ibrougliout Iho civilized world : 
iiad.tbeir living exHinpIe infects blm wilb a 
noble smbitlou, and a luve for the ■[.irit of 
work. 

The Germutis dnmlnnle Ibe inlelleclual 
world ))r viilue nf ibe Biimu simple secret ua 
Hint which nia;le Nupuleou the miisler i f ild 
XUFOpe- Tlii'v i:Hvu ileclarci In cJirriire 
MIMm "UJ t'tl iilH. iiud (svirry Burecb 
tiurches- wiih a jirofcssor's gown iu his 
Ituopsack. Let liim b'.'ciimu a great Echolar. 
or roan uf n-ienee, aud mluisiBia will cum- 
pele fur his servleea. in (ieiinany, Ihiy do 
mt leni-e tiie cUauci' of his bi.ldjiig ilm iiillre 
bs would renler lllusliio^r.-) |.) Ill- luiiti r 
iDfTcim uf a but cnuvass and (ho Haul wis- 
dam uf a mob of c< 



tsuctly What tbe Kector of Lincoln and the 
('ommissiunerB tell us the English iinivetsi- 
lies aie not ; that is to say, uorporalions " of 
jB.irned men devoting their lives to llieciil- 
llvaiion of science, and the direction of 
iicademicul education." They are not 
■■Iwarding-scbools for youths," nor clerical 
seminaries ; but institutions for [be higlier 
culture nf men. in which the llicoiogicnl 
faculty is of no more impotlance or promi- 
nence tliaa the real ; and wbicb arc truly 
■■ universities," since they strive to represent 
and embody Jhe totality of hnmiiu icaow- 
lud^e, and to find room for ail fottua of in- 
tellectual activity. 

May zpulunq nnd clea7-b ended refurmerB 
like Sir. Putlison Hucgeediii their noble en- 
deavors to sliape our uuiversities toward some 
such ideal as tbis. wilhuut losing wliat la 
valuable and distinctive iu their social tune I 
But until Ibey liave succeeded, a liberal edu- 
cation will bo no more obtainnblo in our Ox- 
ford hnd Cambridfje Universities than in our 
public schools. 

If I am juslifled in my conception of Ibo 
idea! of u ribernl educidlou ; andifwhntl 
tiave said about the eifiating educational in- 
stitutions of the country is also true. It is 
clear that the two liavu no sort of rclaiion Iu 
one another; that the best of our schools 
nud (he most complete of our university 
Irainlogs give but a narrow, oue-sided. and 
wssentially ilUbernl uduca lion— while tlic 
worst give what is really next to no educa- 
tion tu all. The bouih London Wotiiing 
Sleu'a Collejw could not copy any of 1I11..M 
Inslltutionsif it would. I nm~ bold cuiiugk 
In express the conviction iliut it ought not if 

For what ia wanled is Ibe reality and not 
Ihe mere name of a lilwral education ; and 
this Collcgo must sttudily set before ilself 
Ihe auihilian I0 bu able to give tiint cducn- 
ilon rooner or Inter. At present. «e are hut 
Ite^inning, shnipening our educslinniil lo.ils. 
ns It were, and, cxccjii a modicum i>f plLjsi- 
cbI science, wo are not able lo offer viucli 
mow llian is lo be found in au oidinnry 

Moral and social science — one of Ibn {rreat- 
cblnud most fruitful of our future clasBes, I 
licpe — at present lacks only one lliiog iu our 
prugrsmme. and tltut is a teacher. A cnn- 
sidej able want, no doubt ; but it must' lie ic- 
collecled tiiut it is much better lo want a 
teacher than to want (be desire lo learn. 

Fuitlier, wo neert wljul. for want of a liet- 
leruanie. 1 must call PhyBi<rB! (i['.ii;((ipliy. 
What I meanisiltm which llie Giinmiw iiill 
" Etiikiiitde." Ilia a dcscripli.iu i.f ibe 
cuilb. of its placD jind lelutiiats lo i.lhcr 
budifs; of its general MiUclure, aud uf Its 
great ftalures— winds, tidcf, inuuntainB. 
tjiains; uf the chief furnis of ibc vegetable 
im.i animal wotldc, of the varicliea of mau. 






graiDiDC : but I linpc 

lliere. For iileruluru is iIjc j;riuli--Bl of nil 
uciurucs uf rcQaeil pleiisiire. iid(1 uno of Ibe 
l-rent usei of -.1 tibi-rul eclncuUou ia to t'nnbla 
ua to tnjny lliut pkasuif. Tliuro in arope 
cnuii^U for tlio iiuiiraBL-s or lllicral L'diK.tiliun 
In tbe Gtutly of Ibo rich trcnbuics of out own 
InDgUBge Qlanc. All Ibot is iieedeil la dlrec- 
ll'tn. aud llic ciilllviilIoD of a rcflrnl tusieby 
::UenUini to sound crilicism. Btil tlidtc ic 
iiu leaHon why Fr? neb and GGimnn slioulil 
nut iHi itinftcrtK) »ulfl(^lt!ii1ly iu ruiid wlmt is 
worlb ri'ading in liioae lanifUUBi'a, wilU pka- 



And Huiklly, by and by, we must bHTe till Ibc demaai 



History ; trenled tjot 
lies and dyunEtics 1 not as u seritit of biogia- 
pbif-H ; not as eyideoeu iliut I'ratidrnre bos 
iilwnys bDcn ou Ibu eidu of citlier Wbigs ci 
Tniieiit : but as the dtvelo[iiiiynt of mnr. iu 
times iiQEt, nnd fn othi-r nindUiuns tlmn «uc 

But, as it its one of iliu priuclpl^B of oui 
Collegu to bo Felf-siippurliu^'. lliis public 
tuuatltw], and we must follow, in Uiese mai- 
lers. If uiy heurers take tu Ituari wbat I 
have ;Md ubout Uberul educatlou, tbey will 
desire luese Ibiog^, and I diubt not wa sball 
bu i-.ble to supply Ibuni. but wti mtist ttiuI 
id is mad«. 
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The first half o£ the seventeenth century 
is one of the great epochs of biological 
science. For though suggestions and in- 
dications of the conceptions which took 
detiniie shape, at that time, are to be met 
with in works of earlier date, they are lit- 
tle more than llie shadows which coming 
truth casts forward ; men's knowledge 
was neither extensive enough, nor ex- 
act enough, to show them the solid body 
o! fact which threw these shadows. 

But, in the seventeenth century, the idea 
thai the physical processes of life are 
ca.pable of being explained in the same 
way as other physical phenomena, and. 
therefore, that the living body is a mech- 
anism, was proved to be true for cei 
classes of vital actions : and. having thus 
taken firm root in irrefragable fact, this 
conception has not only successfully re- 
pelled every assault which has been made 
upon it, but has steadily grown in force 
and extent of application, until it is 



the expressed or implied fundamental 
proposition of the whole doctrine of sci- 
entific Physiology. 

If we ask to whom mankind are indebted 
for this great service, the general voice 
will name William Harvey. For, by his 
discovery of the circulation of the blood 
in the higher animals, by his explanation 
of the nature of the mechanism by which 
that circulation is effected, and by his no 
less remarkable, though less known, in- 
vestigations of the process of development, 
Harvey solidly laid the foundations of al} 
those physical explanations of the functions 
of stistentation and reproduction which 
modern physiologists have achieved. 

But the luing body is not only sustained 
and reproduced : it adjusts itself to exter- 
nal and internal changes ; it moves and 
feels. The attempt to reduce the endless 
complexities of animal motion and feeling 
to law and order is, at least, as important 
a part of the task of the physiologist as 
the elucidation of what are sometimes 
called the vegetative processes. Harvey 
dk] not make this attempt himself ; but the 
influence of his work upon the man who 
did make it is patent and unquestionable. 
This man was Rene Descartes, who. 
though by many years Harvey's junior, 
died before him ; and yet. in his short 
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ed place, noL only among the chiefs of 
philosophy, but amongst the greatest and 
most orifiinal of mathematicians ; while, 
in my belief, he is no less certainly entitled 
to the rank of a great and original physi- 
ologist ; inasmuch as he did for the physi- 
ology of motion and sensation that which 
Harvey had done for the circulation of 
the blood, and opened up that road to the 
mechanical theory of these processes, 
which has been followed by all his suc- 
cessors. 

Descartes was no mere speculator, as 
some would have us believe: but a man 
who knew of his own knowledge what 
was to be known of the facts of anatomy 
and physiology in his day. He was an 
unwearied dissector and observer; and it 
is said, that, on a visitor once asking to 
see his library. Descartes led him into a 
room set aside for dissections, and full of 
specimens under examination. " There, 
said he, " is my library." 

I anticipate a smile of incredulity when 
I thus champion Descartes's claim t '" 
considered a physiologist of the first [ 
I expect to be told that I have read 
his works what I find there, and to be 
asked. Why is it that we are left to t " 
cover Descartes's deserts at this time 
day, more than two centuries after 
death ? How is it that Descartes 
utterly ignored in some of the latest works 
which treat expressly of the subject 
which he is said to have been so great 

It is much easier to ask such questions 
than to answer them, especially if ont 
desires to be on good terms with one'; 
contemporaries ; but. if I must give ar 
answer, it is this : The growth of physi- 
cal science is now so prodigiously rapid. 
that those who are actively engaged in 
keeping up with the present, have much 
ado to find time to look at the past, and 
even grow into the habit of neglecting it. 
But. natural as this result may be. it is 
none the less detrimental. The intellect 
loses, for there is assuredly no r 
tual method of clearing up i 
mind on any subject than by 
over, so to speak, with men of real power 
and grasp, who have considered it from a 
totally different point of view. The par- 
allax of time helps us to the true position 
of a conception, as the parallax of space 
helps us to that of a star. And the moral 
nature loses no less. It is well to turn 
aside from the fretful stir of the present 
and to dwell with gratitude and respect 
upon the services of those " mighty 
of old who have gone down to trie grave 



'ith their weapons of war," but who, 
while they yet lived, won splendid victo- 
ries over ignorance. It is well, again, to 
reflect that the fame of Descartes filled 
ail Europe, and his authority overshadowed 
it for a century : while now, most of 
those who know his name think of him, 
either as a person who had some prepos- 
terous notions about vortices and was de- 
servedly annihilated by the great Sir Isaac 
Newton ; or as the apostle of an essen- 
ially vicious method of deductive specula- 
.ion ; and that, nevertheless, neither the 
chatter oE sliifiing opinion, nor the silence 
of personal oblivion, has in the slightest 
degree affected the growth of the great 
ideas of which he was the instrument and 
the mouthpiece. 

It is a matter of fact that the greatest 
physiologist of the eighteenth century, 
Haller, in treating of the functions of 
nerve, does little more than reproduce and 
enlarge npon the ideas of Descartes. It 
is a matter of fact that David Hartley, in 
his remarkable work the ■' Essay on Man," 
expressly, though still insufficiently, ac- 
knowledges the resemblance of his funda- 
mental conceptions to those of Descartes ; 
and I shall now endeavor to show that a 
scries of propositions, which constitute 
the foundation and essence of the modern 
physiology of the nervous system, are 
fully exoressed and illustrated in the 
works of Descartes. 

1. Tie drain is the organ of sensation, 
thought, and emotion ; that is to 
say, some change in the condition of 
the mailer of this organ is the in- 
variable antecedent of the state of 
consciousness to which each of these 
terms is applied. 
In the " Principes de la Philosophic " 

(S 169). Descartes says ; — * 

" Although the suul is united to the whole 
hody, its principal functions are, neverthe- 
less, performed in the brain ; itis here that it 
not only understands and imagines, but also 
feels; and this is effected by the intermedia- 
tion of the nerves, which extend in Ihc form 
of delicale threads from the brain to all parts 
of (he body, to which they ace attathed in 
such a manner, that we can hardly touch any 
part of the body without setting the extrem- 
ily of some nerve in motion. This motion 
-long the nerve to [hat part of the 
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travel along the nerves, as far aa that part 
of the biain with which the soul is closely 
joined and united, cause it, bv reason of their 
diverse characters, to have di&erent thougbls. 
And it is theSe difFerent thoughts of the soul, 
which arise immediate I)' from the movements 
that are excited by the nerves in the brain, 
which we properly term oiit feelings, or the 
1)crccptions of our senses." 

Elsewhere,* Descartes, in arguing that 
the seat of the passions is not (as many 
suppose) the heart, but the brain, uses the 
following remarkable language 

"The opinion of those who think that the 
soul receives its passions in the heart, 
no weight, for it is based upon the fact that 
the passions cause a change to be felt in t' 
orean; and it is exsy to see that this cha 
is felt, as if it were in the heart, only by 
intermediation of a little nerve wliich de- 
scends from the brain to it ; just as pain 
felt, as if it were in the foot, hy the intern 
diation of the nerves of the foot; and the 
stars ate perceived, as if they wen 
heavens, by the intermediation of their light 
andof theopticnerves. So that it is no more 
necessary for the soul to exert its functions 
immediately in the heart, to feel its passions 
there, than it is necessary that it should bi ' 
the heavens to see the stars there." 

This definite allocation of all the pi 
Rotnena of consciousness to the brain 
their oi^an, was a step the value of which 
it is difficult for us to appraise, so com- 

Jilctely has Desiartes's view incorporated 
tself with every-day thought and common 
language. A lunatic is said to be " crack- 
brained " or " touched in the head," a con- 
fused thinker is " muddle-headed," while 
a clever man is said to have " plenty of 
brains ; " but it must be remembered that 
at the end of the last century a consider- 
able, though much over-estimated, anat- 
omist, Bichat, so far from having reached 
the level of Descartes, could graveiv argue 
that the apparatuses of organic life are 
the sole sent of the.passions. which in no 
way affect the brain, except so far as it is 
the agent by which the influence of the 
passions is transmitted to the muscles.t 
Modern physiology, aided by pathology, 
easily demonstrates that the brain is the 
seat of all forms of consciousness, and 
fully bears out Uescartes's explanation of 
the reference of those set ■ • ■ ■ 
cera which accompany 
to these organs. It proves, directly, that 
those states of consciousness which we 
e the immediate conse- 



quent of a change in the brain excited by 
the sensory nen-es ; and, on the well- 
known effects of injuries, of stimulants, 
and of narcotics, it bases the conclusion 
that thought and emotion are, in like man- 
ner, the consequents o( physical antece- 
dents. 

n. TAe moviinenis of animals are liuc 
to the change of form of muscles, 
which shorten and become thicker ; 
and this change of form in a mus- 
cle arises from a motion of the sub- 
stance contained ■aiithin the nerves 
■which go to the muscle. 



"Moreover, we know that all the move- 
ments of the limbs depend on the musclea, 
and that these muscles are opposed to one 
another in such a manner, that when one o( 
them shortens, it draws along the part of the 
body to which it is attached, and so gives rise 
simultaneous elongation of the muscle 
■- ■- opposed to it. Then, if it happens. 
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afterward, that the latter shortens, it ci 
the former to elongate, and draws toward 
itself the part to which it is alliched. Lasllv, 
we know that all these movements of iKe 
muscles, as all the senses, depend on the 
nerve!!, which are like little threads or tubes, 
which all come from the brain, and. like it, 
contain a certain very subtle air or wind, 
termed the animal spirits." 

The property of muscle mentioned by 
Descartes now goes by the general name 
of contractility, but his definition of it re- 
mains untouched. The long-continued 
controversy whether contractile substance, 
speaking generally, has an inherent power 

„; whether it contracts only 

le ot an infltrence exerted by nerve, 
settled in Hal ier's favor ; but Des- 
5 statement ot the dependence of 
muscular contraction on nerve holds good 
for the higher forms of muscle, under 
normal circumstances ; so that, although 
the structure ot the various modifications 
of contractile matter has been worked out 
with astonishing minuteness — although 
the delicate physical and chemical changes 
which accompany muscular contraction 
have been determined to an extent of 
which Descartes could not have dreamed, 
and have quite upset his hypothesis that 
of the shortening and thickening 
of the muscle is the tiow of animal spirits 
into it from the nerves^the important and 
fundamentalpart of his statement remains 
perfectiv true. 

The like may be affirmed of what he 
says about nerve. We know now that 



nerves are not exactly lubes, and that " an- 
imal spirits " are myths ; but the exquis- 
itely refined methods of investigation of 
DuDois-Reymond and of Helmholz have 
no less clearly proved that the antecedent 
of ordinary niuscular contraction is a mo- 
tion of the iiwiecules of the nerve going 
to the niusiic; and that this motion is 
propagated with a measurable, and by no 
means great, velocity, through the sub- 
stance of the nerve toward the muscle. 

With the progress of research, the term 
"animal spirits '* gave way to "nervous 
fluid, "and "nervous fluid' has now given 



"molecular motion of nerve-sub- 
' Our conceptions of what takes 
place in ner\-e have altered in the same 
way as our conceptions of what takes 
place in a conducting wire have altered, 
since electricity was shown to be not a 
fluid, but a mode of molecular motion. 
The change is of vast importance, but it 
does not affect Descartes's fundamental 
idea, that a change in the substance of a 
motor nerve propagated toward a muscle 
is the ordinary cause of muscular contrac- 

III. The sensations of animals are due 
to a motion of the substance of the 
nerves which connect the sensory or- 
gans with the brain. 
InZffZJw//r-iji«ff(DiscoursQuatri^me), 
Descartes explains, more fully than in the 
passage cited above, his hypothesis of the 
mode of action of sensory nerves ; — 

" It is the little threads of which the ii 
substance of the nerves is composed which 
subserve sensation. You must conceive that 
tliese little threads, being inclosed in tubes, 
which are always tiiatended and kept open 
by the animal spirits which they i 
neither press upon nur interfere with 
other, and are extended from the brai 
extremities of all the members which 
sitive — in such a manner that the slightest 
touch which excites the part of one of the 
members to which a thread is attached, gives 
rise to a motion of the part c^ the brain wtwncc 
it arises, just as by pulling one trf the ends of 
a stretched cord, the other end is ii 
oosly moved. . . . And we must i 
not to imagine that, in order ta feel, the soul 
needs to behold certain images sent by the 
objecls of sense to the brain, as our philoi 
phers commonly suppose; or, at least, ' . 
must conceive these images to be something 
quite different from what they suppose them 
to be. For as all Ihey suppose is that these 
images ought to resemble the ohjccts which 
they represent, it is impossible for them 
show how they can be fomied tjy the obje 
received by the organs of the estemal senses 
and transmitted to the brain. And they ' 
had no reason for supposing the e^slEn< 



these images except this; seeing that the 
mind is readily excited by a picture to con- 
ceive the object v^hich is depicied, tliey have 
thought (hat it must be excited in the same 
■y to conceive those objects 'which affect 
r senses by little pictures of them formed 
the head; instead of which we ought to 
recollect that there are many things besides 
images which may excite the mind, as, for ex- 
ample, signs and words, which have not the 
least resemblance to the objects which tbej 
signify," " 

Modern physiology amends Descartes's 
conception of the mode of action of sen- 
sory nerves in detail, by showing that 
their structure is the same as that of mo- 
an d that the changes which 
take piace in them, when the sensory ori- 
gans with which they are connected are 
esdted, are of just the same nature as 
those which occur in motor nerves, when 
the muscles to which they are distnbuted 
made to contract : there is a molecu- 
lar change which, in the case of the sen- 
sory nerve, is propagated toward the 
brain. But the great fad insisted upon 
by Descartes, that no likeness of external 
things is, or can be, transmitted to the 
mind by the sensory organs ; hut that, 
lietween the external cause of a sensation 
and the sensation, there is interposed a 
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mbol, is of the 
It is the phy si- 
lt the doctrine of the 



mode of i 

which the state of c 
likeness, but i 
profoundest import ar 
oiogical foundation o 
relativity of knowledge, and { 
less complete idealism is a necessary con- 
sequence of it. 

For of two alternatives one must be 
true. Either consciousness is the func- 
tion of a something distinct from the 
brain, which we call the soul, and a sen- 
sation is the mode in which this soul is 
aSTccted by the motion of a part of the 
brain ; or there is no soul, and a sensa- 
tion is something generated by the mode 
of motion of a part of the brain. In 
the former case, the phenomena of the 
senses are purely spiritual affections ; in 
the latter, they are something manufact- 
ured by the mechanism of the body, and 
as unlike the causes which set that mech- 
anism in motion, as the sound of a re- 
peater is unlike the pushing of the spans' 
which gives rise to it. 

• LDckcrHumwUnderstaadiDKT" Book It. .chap. 

, »iine: wilhoui Dsihui ihe names that stand for Uiem 
iire die likcncua of our ideas,- which yd, upon bear- 
iniE.tbey arc apt to excite jnus."'"'-^^-— *"^'-^^ 
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The nervous system stands beiween 
consciousness and I he assiinied external 
world, as an inierpreter who can talk 
with his lingers stands between a hidden 
speaker and a raan who is stone deaf — 
and Realism is equivalent to a belief on 
the part of the deaf man. that the speak' 
cr must also be talking' with his lingers. 
■■Les exir^mcs se toucheat;" the shib- 
boleth oE maLcrialists that " thought is a 
secretion of the brain," is the Fichtean 
doctrine that " the phenomenal universe 
is the creation of the Ego," expressed in 
Other language. 

IV, The motion of the matter of a sen- 
sory nerve may be transmitted 
through the brain to motor nerves, 
and thereby give rise to contraction 
of the muscles to which these motor 
tien-i's are distributed ; and this re- 
flectioii i]f !iiotio?t frq/ii a sensory in- 
to <i motor nerve may take place 
without Tohlion, or even contrary to 
it. 
In Slating these important truths. Des- 
cartes defined that which we now term 
"reflex action." Indeed he almost uses 
Ihc term itself, as he talks of the "animal 
KpiriCs " as " refiechis." + from the senso- 
ry into the motor nerves. And that this 
use of the word " reflected " was no mere 
accident, but that the importance and ap- 
propriateness of the idea it suggests was 
(ulty understood by Descartes s coiitem- 
^raries, is apparent from a passage in 
Willis's well-known essay. " De Anima 
Bnitorum," published in 1672, in which, 
in giving an account of Descartes's views, 
he speaks of the animal spirits being di- 
verted into motor channels, " velut undu- 
latione reflexa.'t 

Nothing can be clearer in statement, or 
in illustration, than the view of refiex ac- 
tion which Descartes gives in the " Pas* 
aions de TAme." Art. xjii. 

After recapitulating the manner ii 
which sensory impressions transmitted by 
the sensory nerves to the brain give ri 
sensation, he proceeds : — 

" And in addition to the different feelings 
excited in the soul by these different moiioiLs 
of the brain, llic animal spirits, without the 
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of the soul, may take their cou 
toward certain muscles, rather than toward 
othetB, and thus move the limbs, as I si 

by an example. If some one moves nij 

rapidly toward our eyes, as if he were 

^oiiig to strike us, allhoush we know that he 

'-' " friend, that he does it only In jest, and 

he will be very careful to do us no harm, 

nevertheless it wjU be hard lo keep from 

winking. And this shows, that it is not \rj 

the agency of Ihe soul that the eyes shut, 

since this action is contrary to that volition 

which is the only, or at least the chief, fuoc- 

of the soul ; but it ta because the mecb- 1 

m of our body is so disposed, that the 

ion of the hand toward our eyes excites 

another movement in our brain, and tbit . 

sends the animal spirits into those muscles 

which'cause the eyelids to close." 

Since Descartes's time, experiment has 
eminently enlarged our knowledge of the 
details of refiex action. The discovery of 
Bell has enabled us to follow the tracks 
of the sensory and motor impulses, along 
distinct bundles of nerve fibers ; and the 
spinal cord, apart from the brain, has 
been proved to be a great center of reflex 
action ; but the fundamental conception 
remains as Descartes left it, and it is one 
of the pillars of nerve physiology at the 
present day. ' 

V. The motion of any given portion of ' 
the matter of the braia excited by 
the motion of a sensory nerve, leaves 
behind a readiness ta be moved in 
the same •way, in that part. Any- 
thing which resuscitates the motion 
gives rise to the appropriate feeling. 
This is the physical mechanism of \ 
memory. 
Descartes imagined that Ihepineal body 
(a curious appendage lo the u{^r side of 
the brain, the function of which, if it have 
any, is wholly unknown) was the instru- 
ment through which the soul received 
impressions from, and communicated 
them to, the brain. And he thus endeav- 
ors to explain what happens when one 
tries to recollect something: — 

" Thus when the soul wills to remember 
anything, this volition, causing the [pineal] 
gland to incline itself in different directions, 
drives the [animal] spirits toward different 
regions of the brain, nntil they reach that 
part in which are the traces, which the object 
which it desires to remember has left. These 
traces arc produced thus : those pores of the 
brain through which the [animal] spirits have 
previously been driven, by reason of the pres- 
ence of the object, have thereby acquired a ■ 
tendency to be opened by the animal spirits ' 
which return towurd ihem, more easily than 
other pores, so that ihi; nnimal spirits, ' 
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pinging on these ports, enter them more 
readily tlian others. Ky ihia means they ex- 
cite a particular movement in (he pineal 
gland, which represents the object to the 
soul, and causes it to know what it is which 
it desired to recollect."* 

That memory is dependent upon some 
condition of the brain is a fact established 
by many considerations — among' the most 
important of which are the remarkable 
phenomena of aphasia. And that the 
condition of the brain on which memory 
depends, is largely determined bj- the re- 
peated occurrence of that condition of its 
molecules, which gives rise to the idea of 
the thing remembered, is no less certain. 
Every boy who Icams his lesson by re- 
peating it e.templifies the fact. Descartes, 
as we have seen, supposes that the pores 
of a given part of the brain arc stretched 
by the animal spirits, on the occurrence 
of a sensation, and That the part of the 
brain thus stretched, being imperfectly 
elastic, does not return to exactly its pre- 
vious condition, but remains more disten- 
sible than it was before. Hartley sup- 
ppse that the vibrations, excited by a sen- 
sory, or other, impres.sion. do not die away, 
but are represented by smaller vibrations 
or ■' vibratiuncules," the permanency and 
■ intensity of which are in relation with the 
frequency of repetition of the primary vi- 
twations. Haller has substantially the 
same idea, but contents himself with the 
general term " mutaciones," to express 
the cerebral change which is the cause of 
a state of consciousness. These " muta- 
tiones " persist tor a long time after the 
cause which gives rise to them has ceased 
to operate, and are arranged in the brain 
according to the order of co-cxistence and 
succession of their causes. And he 
gives these persistent "mutaCiones " the 
picturesque name of vestigia rerum, 
" quE non in mente sed in ipso corpore 
ec in medulla quidem cerebri ineffabili 
modo in credibi liter minvitis notis et copia 
infinita. inscriptce sunt." t I do not know 
that any modem theory of the physical 
conditions of memory differs essentially 
from these, which are all children^mw- 
/{i/«/;/«/a«rf/j— of the Cartesian doctrine. 
Physiology is, at present, incompetent to 
say anythmg positively about the matter, 
or to go farther than the expression of 
[he high probability, that every molecular 
change which gives rise to a slate of con- 
sciousness, leaves a more or less persist- 
ent structural modification, through which 



the s.ime molecular change may be re- 
generated by other agencies than iht 
cause which lirsl produced it. 

Thus far. the propositions rcspBCtiqe 
the physiology of the nervotts system whicS 
are stated by Descartes have simply beta 
more ciearlydelined, more fully illustrated, 
and, for the most part, demonstrated, by 
modernphysiologicalresearch. Butthert 
remains a doctrine to which Dcscanes at- 



Chorough-going Cartesian, but 
nevertheless, is so opposed to ordinary 
prepossessions that it attained more gen- 
eral notoriety, and gave rise to more dis- 
cussion, than almost any other Canesiw 
hypothesis, it is the doctrine, that brua 
animals are mere machines or atitomatl 
devoid not only of reason, but of any 
kind of consciousness, which is Gtated 
briefly in the '"Disconrs de la M^thodii," 
and more fully in the ■' Rcponses xa 
Quatri^mes Objections," and in the cor- 
respondence with Henry More.* 

The process of reasoning by which DH' 
canes arrived at this startling conelusjon 
is well shown in the following passage of 
the " Reponses ; " — 

"But as regards the aoula oE beasts, il- 
though this is not the place for considering 
them, and though, without a general eiqwa 
tion of physics, I can say no more on ttiii 
subject than I have already said in the Bi6i 
part of ray Treatise on Method ; yet, I irill 
further state, here, that it appears to rae U 
be a vet7 remarkable circumstance ihM W 
movement can take place, cither in the bodiw 
of beasts, or even in our own, if these boOts 
have not in themselves all the organs andil- 
atrumcQts by means of which the very sann 
movements would be accomplished in a ms- 
chine. So that, even in us, the spirit, or tbc 
so'.il, dbcs not directly move the limbs, Int 
only determines the course ot that very «lli- 
tle liquid which is called the animal ^riU, 
which, rmraing continually from the heart b; 
the brain into the muscles, is the cause of aO 
the niovcTnents of our limbs, and often mil' 
cause many diffefent motions, one as eiiSf 
as the other. 

"And it docs not even always exert this 
determination; for among the movcuienH 
which take place in us, there are many whicb 
do not depend on the mind at all, sucb i^ 
the beating of the heart, the digestion of 
food, the nutrition, the respiration, oE dio>c 
who sleep; and, even in those who are anlx, 
walking, singing, and other similar actiosSj 
when they are performed withou' the ■"'t' 







aire que Ie> b^teij 




AND OTHER ESSAYS. 



thinkinE about Ihem. And, when ono who 
falls from a height throws his hands forwards 
to save his head, It is in virtue o£ no ratioci- 
nation that he performs this action; it does 
not depend upon his mind, but takes place 
merely because his senses being affected by 
the present daneer, some change arises in 
bis brain which determines the animal spirits 
to pass thence into the nerves, in such a man- 
ner as is required to produce this motion, in 
the same way as in a machine, and without 
the mind bemc able to hinder it. Now since 
wc observe this in ourselves, why ahoold we 
be so much astonished if the light reflected 
from the body of a wolf into the eye of a 
sheep has the same force to escite in it the 
motion of flight. 

'■ After having observed this, if we wish to 
learn by reasoning, whether certain move- 
ments of beasts are comparable to those 
which are effected in us by the operation of 
the mind, or, on the contrary, to those which 
depend only on the animal spirits and the 
dispasition of (he organs, it is necessary to 
consider the difference between the two, which 
1 have explained in the fifth part of the Dis- 
course on Method (for I do not think that 
any others are discoverable), and then it will 
easily ^ seen, that all the actions of beasts 
are similar only to those which we perform 
without the help of our minds. Kor which 
reason we shall be forced to conclude, that 
we know of the eiistentc in llieni of no 
other principle of motion th.iii the disposition 
of Ihcir organs and the continual aljluence of 
anftnal spirits produced by the heat of the 
facrt, which attenuates and subtilizes the 
blood; and, at the .lame time, we shall ac- 
knowledge that we have had no reason for 
assuming any other principle, except that, 
not having dislii^uishcd these two principles 
□f motion, and seeing that the one, which 
depends only on the animal spirits and the 
organs, exists in beasts as well as in us, we 
have hastily concluded that the other, which 
depends on mind and on thought, was also 
possessed by Iheoi.!' 

Descartes's line of argiiraetit is perfectly 
clear. He starts from rellex action in 
man, frem the unquestionable fact that, 
in ourselves, co-ordinate, purposive, ac- 
tions may take place, without the inter- 
vention of consciousness or volition, or 
even contrary to the latter. As actions 
of a certain degree of complexity are 
brought about by mere mechanism, why 
may not actions of still greater complexity 
be the result of amore refined mechanism? 
What proof is there that brute.i are other 
than a superior race of marionettes, which 
eat without pleasure, cry without pain, 
desire nothing, know noihing, and only 
simulate intelligence as a lice simulates 
a mathematician ? ' 




The Port Royalists adoptetJ the hy- 
pothesis that brutes are macliines, and are 
said to have carried its practical applica- 
tions so far, as to treat domestic animals 
with neglect, if not with actual cruelty. 
As late as the middle of the eighteenth 
century, the problem was discussed very 
fully and ably by Bouillier, in his " Essai 
philosophiquc sur I'Ame des Bfites," 
while Condillac deals with it iii his 
"Traits des Animau-n;" but since then 
it has received little attention. Neverthe- 
less, modern research has brought to 
light a great multitude offsets, which not 



than it was in his day. 

It must be premised, that it is wholly 
impossible absolutely to prove the pres- 
ence or absence of consciousness in any- 
thing but one's own brain, though, by 
analogy, we are justified in assuming its 
existence in other men. Now if, by some 
accident, a man's spina! cord is divided, 
his limbs are paralyzed, so far as his voli- 
tion is concerned, below the point of in- 
jury ; and he is incapable of esperiendng 
all those states of 1:0ns ciousncss, which, 
in his uninjured state, would be excited 
by irriCatioti of those nerves which come 
off below the injury. If the spina! cord 
is divided in the middle of the hack, for 
example, the skin of the feet may be cut, 
or pinched, or burned, or wetted with 
vitriol, without any sensation of touch, or 
of pain, arising in consciousness. So far 
as the man is concerned, therefore, the 
part of the central ner\'ous system which 
lies beyond the injury is t;u£ off from 
conseioQsness, It must indeed be ad- 
mitted, thai, if any one think tit to main- 
tain that the spinal cord below the injury 
is conscious, but that it is cut off from 
any means of making its consciousness 
known to the other consciousness in the 
brain, there is no means of driving him 
from his position by logic. But assuredly 
there is no way of prodng it, and in the 
matter of consciousness, if in anything, 
we may hold by the rule, '• De non ap- 
parentibus et de non existentibus eadem 
est rado." However near the brain the 
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spina! cord is injured, 
mains intact, except that the 
parts below ihe injury is no longer repre- 
sented by sensation. On the other hand, 
pressure upon the anterior division of the 
brain, or extensive injuries to it, abolish 
consciousness. Hence, it is a highly 
probable conclusion, that consciousness 
in man depends upon the integrity of the 
anterior division of the brain, while the 
middle and hinder divisions of the brain, 
and the rest of the nervous centers, have 
nothing to do with it. And it is further 
highly probable, that what is true for 
man is true for other vertebrated animals. 

Wc may assume, then, that in a living 
vertebrated animal, any segment of the 
cerebro-spinal axis (or spinal cord and 
brain) separated from that anterior divi- 
sion of the brain which is the organ of 
consciousness, is as completely incapable 
of giving rise to consciousness, as we 
know it to be incapable of carrying out 
volitions. Nevertheless, this separated 
seg'ment of the spinal cord is not passive 
and inert. On the contrary, it is the seat 
of extremely remarkable powers. In our 
imaginary case of injury, the man would, 
as we have seen, be devoid of senaatioti 
iti his legs, and would have not the least 
power of moving them. But. if the soles 
of his feet were tickled, the legs would be 
drawn up, just as vigorously as they 
would have been before the injury. We 
know e.xaetly what happens when the 
loles of the feet are tickled ; a molecular 
change takes place in the sensory nerves 
of the skin, and is propa^ted along them 
and through the posterior roots of the 
spinal ner\-es, which arc constituted hy 
them, to the gray matter of the spinal 
cord. Through that gray matter, the 
molecular motion is reflected into the 
anterior roots of the same nerves, con- 
stituted by the filaments which supply the 
muscles of the legs, and, traveling along 
these motor fjlaments, reaches the muscles, 
which at once contract, and cause the 
limbs to be drawn up. 

In order to move the legs in this way. 
a definite co-ordination of muscular con- 
tractions is necessary t the niuscics must 
contract in a certain order and with duly 
proportioned force ; and moreover, as the 
feet are drawn away from the source of 
irritation, it may be said that the action 
has a final cause, or is purposive. 

Thus it follows, that the gray matter of 
the segment of the roan's spinal cord, 
though it is devoid of consciousness, 
nevertheless responds to a simple stimu- 
lus by giving rise to a complex set of 



muscular contractions, co-ordinaird to- 
ward a definite end, and serving an ob- 
vious purpose. 

If the spinal cord of a frog Ls cut 
across, so as to provide us with a segment 
separated from the brain, we shall have a 
subject parallel to the injured man, on 
which experiments can be made without 
remorse ; as we have a right to conclude 
that a frog's spinal cord is nut likely to be 

Now the frog behaves just as the man 
did. The legs arc utterly paralyzed, so 
far as voluntary movement is Concerned ; 
but they are vigorously drawn up to the 
body when any irritant is applied to the 
foot. But let us study our (rog a little 
farther. Touch the skin of the side of 
the body with a little acetic acid, which 
gives rise to all the signs of great pain in 
an uninjured frog. In this case, there 
can be no pain, because the application 
is made to a part of the skin supplied 
with nerves which come oft from tlie cord 
below the point of section ; nevertheless, 
the frc^ lifts up the limb of the same .side, 
and applies the foot to rub oif the acetic 
acid ; and, what is still more remarkable, 
if the limb be_held so that the frog can- 
not use it, it will, by and by. move the 
limb of the other side, turn it across the 
body, and use it for the same rubbing 
process. It is impossible that the frog, u 
It were in its entirety and could reason, 
should perform actions more purposive 
than these : and yet we have most com- 
plete assurance that, in this case, the frog 
15 not acting from purpose, has no con- 
sciousness, and is a mere insensible ma- 

But now suppose that, instead of mak- 
ing a section of the cord in the middle of 
the body, it had been made in such a 
manner as to separate the hindermost di- 
vision of the brain from the rest of the or- 
gan, and suppose the foremost two-thirds 
of the brain entirely taken away. The 
frog is then absolutely devoid of any spon- 
taneity: it sits upright in the attitude 
which a frog habitually assumes . and it 
will not stir unless it is touched ; but it 
differs from the frog which I have just 
described in this, that, if it be thrown mto 
the water, it begins to swim, and swims 
just as well as the perfect frog does. 
But swimming requires the combination 
and successive co-ordination of a great 
number of muscular actions. And we 
are forced to conclude, that the in'pres- 
sion made upon the sensory nerves of the 
skin of the frog by the contact with the 
water into which it is tiirown, cause.i the 
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lo the central 
paratus of an impulse, which sets soing 
a certain machinery by which all the 
muscles ot swimming are brought into 

Elay in due co-ordination. If the frog 
e stimulated by some irritating body, it 
jumps or walks as well as the complete 
frog can do. The simple sensory im- 
pression, acting tlirough the machinery 
of the cord, gives rise to these complex 
combined mo\'cments. 

It is possible to go a step farther. Sup- 
pose that only the anterior division of tnc 
brain— so much of it as lies in front of 
the "optic lobes"— is removed. If that 
operation is performed quickly and skill- 
fully, the frog may be kept in a state of 
full bodily vigor for months, or it may be 
for years; but it will sit unmoved. It 
sees nothing: it hears notliing. It will 
starve sooner than feed itself, although 
food put into its mouth is swallowed. On 
irritation, it jumps or walks ; if thrown 
into the water it swims. If it be put on 
the hand, it sits there, crouched, per- 
fectly quiet, and would sit there forever. 
If the hand be inclined very gently and 
slowly, so that the frog would naturally 
lend to slip off, the creature's fore paws 
arcshiftedontothe edijeof thehand, until 
he can just prevent himself from falling. 
1£ the turning of the hand be slowly 
tinned, he mounts up with great care 
deliberation, putting lirst one leg forward 
and then another, until he balances him. 
self with perfect precision upon the edge 
and, if the turning of the hand is con- 
tinued, over he goes through the needful 
set of muscular operations, until he comes 
to be seated in security, upon the back of 
the hand. The doing of all this requires 
a delicacy of co-ordination, and a precis- 
ion of adjustment of the muscular ap- 
paratus of the body, which are only com- 
parable to those of a rope-dancer. To 
the ordinary inlluences of light, the frog, 
deprived of its central hemisphen 
pears to be blind. Nevertheless, 
animal be put upon a table, with a book 
at some little distance between it and the 
light, and the skin of the hinder part of 
its body is then irritated, it will jump for- 
ward, avoiding the book by passing tc 
the right or left of it. Although tht 
frog, therefore, appears to have no sensa- 
tion of light, risible objects act Ihrowgh 
its brain upon the motor mechai^is^ of ^^s 
body.* 



obvious, that had Descartes been 
acquainted with these remarkable results 
of modern research, they would have 
furnished him with far more powerful 
arguments than he possessed in favor ot 
his view of the automatism of brutes. 
The habits of a frog, leading its natural 
life, involve such simple adaptations to 
surrounding conditions, that the ma- 
chinery which is competent to do so 
h without the intervention of con- 
usncsa, might well do all. And this 
argument is vastly strengthened by what 
has been learned in recent times of the 
marvelously complex operations which 
are performed mechanically, and to ftti 
appearance without consciousness, by 
men, when, in consequence of injury or 
disease, they are reduced to a condition 

)re or less comparable to that of a frog. 

which the anterior part of the brain 
has been removed. A case has recently 
been published by an eminent Frcncft 
physician, Dr. Mesnet, which illustrates 
this condition so remarkably, ihni I make 
no apology for dwelling upon ii at coi\~ 
siderable length.* 

A sergeant of the French army, F , 

twenty-seven years of age, was wounded 
during the battle of Da^eilles. by a ball 
which fractured his left parietal bone. 
He ran his bayonet through the Prussian 
soldier who wounded him, but almost 
immediately his right arm became paral- 
yzed ; after walking about two hundred, 
yards, his right leg became similarly a/r- 
fected. and he lost his senses., \Vheni he- 
recovered them, three y;^^i aftsrward, 
in hospital at Mayencg, the r^ghti half of 
the body was compl«»l(f pacftlyaed. and 
remained in that oanditioni foj, % year. 
At present, the only Ipaceofitfve paralysis 
which remains is a slighti ijigakueas of 
the right half of the bgdy-. Three or 
four months after the wfiupd was in- 
flicted, pepodlcal disturbances of the 
tunctiojis of the brain, m^dp their ap- 
pearance, and hayp continued, ever since. 
The disturbances, Igst from, fifteen to 
ihir-ty feowrs; the intervals at which they 
oixnt being from fifteen to thirfy-days. 

For four years, therefore, thel(f^-of this 
roan ha? been dirided into ajteriaaling 
phases — short abnormal states iatsiTen- 
ing bptween lyng normal stales. 
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In the pfriods of normal life, the ex- 
sergeant's health is perfect ; he is intelli- 
gent and kindly, and performs, satisfacto- 
rily, the duties of a hospital attendant. 
The commencement o! the abnormal 
state is ushered in by uneasiness and'a 
senEC of weight about the forehead, which 
the patient compares to the constriction 
of a circle of Iron ; and, after its termina- 
tion, lie complains, for some hours, of 
dullness and heaviness of the head. But 
the transition from the normal to the ab- 
normal state lak^s place in a few minutes, 
without convulsions or cries, and without 
anything to indicate the change to a by- 
stander. His movements remain tree 
and his expression calm, except for a con- 
traction of the brow, an incessant move- 
ment of the eyeljalls. and a chewing mo- 
tion of the jaws. The eyes are wide 
open, and iheir pupils dilated. If the man 
happens to be in a place to which he is 
accustomed, he walks about as usual ; 
but if he is in a new place, or if obstacles 
are intentionally placed in his way, he 
stumbles gently against them, stops, and 
then, feeling oii-er the objects with his 
hands, passes on one side of them. He 
offers no resistance to any change of 
direction which may be impressed upon 
him. or to the forcible acceleration or re- 
tardation of his movements. He eats, 
drinks, smokes, walks about, dresses and 
undresses himself, rises and goes to bed 
at the accustomed hours. Nevertheless, 
pins may be run into his body, or strong 
electric shocks sent through it, without 
causing the least indication of pain : no 
odorous substance, pleasant or unpleasant, 
makes the least Impression ; he eats and 
drinks with avidity whatever is offered, 
and takes asafoEtida, or vinegar, or quinine, 
OS readily as water ; no noise affects him : 
and light influences him only under cer- 
tain conditions. Dr. Mesnet remarks, 
that the sense of touch alone seems to 
persist, and indeed to be more acute and 
delicate than in the normal state ; and it 
is by means of the nerves of touch, almost 
exclusively, that his organism is brought 
into relation with the external world. 
Here a difficulty arises. It is clear, from 
the facts detailed, that the ner\ 
ratus by which, in the normal 
sations of touch are excited, is that by 
which external infiuences determine the 
movements of the body, in the abnormal 
state. But does the state of conscious- 
ness, which we term a tactile sensation, 
accompany the operation of this 
apparatus in the abnormal state .- 
consciousness utterly absent, the 



being reduced to an insensible mechar 

is impossible to obtain direct evi- 
dence in favor of the one conclusion or 
the other ; all that can bi? said is. that the 

of the frog shows that man may be 
devoid of any kmd of consciousness. 
A further difficult problem is this. The 
an is insensible to sensory impressions 
made through the ear, the nose, the 
tongue, and, to a great extent, the eye; 
is he susceptible of pain from causes 
operating during his abnormal state. 
Nevertheless, it is possible so to act upon 
his tactile apparatus, as to give rise to 
those molecular changes in his sensorium, 
which arc ordinarily the causes of associ- 
ated trains of ideas. I give a striking 
example of this process in Dr, Mesnet'a 

" 11 sc promenait dans Ic jardin, sous an 
lassif d'arbres, on lui rcmct i la main sa 
inne qu'il avail laisse tomber quelques 
liiiutes ay ant. II li palpe, promt ne It 
. lusieurs reprises !a main sur la poignie 
coud^e de ba canne — devient attentif — sem- 
t)le prater I'orcille — et, tout-i-coup, nppclle 
■ Henri I ' Puis, 'Les voUil lis sont aa 
noins unc vinglainci i nous deux, nous En 
viendrons k boutl' Et alors portant la main 
derrif^re son dos comme pour prendre une car- 
touche, il init le mouvement de charger sou 
arme, sc couche dans I'herbe i. plat ventre, 
la t£tc cachde par un arbre, dans la position 
d'un tirailleur, eC.suit, I'arme epaulee, tons 
les raouvements de I'ennemi qu il cruit voir 

In a subsequent abnormal period. Dr. 
Mesnet caused the patient to repeat this 
scene by placing him in the same condi- 
tions. Now, in this case, the question 
arises whether the series of actions con- 
stituting this singular pantomime was ac- 
companied by the ordinary states of con- 
sciousness, the appropriate train of ideas, 
or not ? Did the man dream that he was 
skirmishing? or was he in the condition 
of one of Vaueauson's automata — a sense- 
less mechanism worked by molecular 
changes in his nervous system ? The an- 
alogy of the frog shows that thr, latter as- 
sumption is perfectly justifiable. 

The ex-sergeant has a good voice, and 
had, at one time, been employed as a 
singer at a caf£. In one of his abnormal 
states he was observed to begin humming 
a tune. He then went to his room, 
dressed himself carefully, and took up 
some parts of a periodical novel, which 
lay on his bed. as if he were trj-ing to find 
something. Dr. Mesnet, suspecting that 
he was seeking his music, made up one 
of these into a roll and put it into his 
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hand. He appeared satisfied, took up his 
cane and went down stairs to the door. 
Here Ur. Mesnet, turned him round, and 
he walked quite contentedly, in the oppo- 
site direction, toward the room of the 
eonciirge. The light of tlie sun shining 
through a window now happened to fall 
upon him, and seemed to suggest the 
footlights of the stage on which he was 
accustomed to make his appearance. He 
stopped, opened his roll of imaginary 
music, put himself into the attitude of a 
singer, and sang, with perfect execution, 
three songs, one after the other. After 
which he wiped his face with his hand- 
kerchief and drank, without a grimace, a 
tumbler of strong vinegar and water which 
was put into his h^nd. 

An experiment which may be perform- 
ed upon the frog deprived of the fore part 
of its brain, well known as Goltz's " Quak- 
versuch," affords a parallel to this per- 
formance. It the skin of a certain part 
of the iMck of such afrog is gently stroked 
with the finger, it immediately croaks. 
It never croaks unless it is so stroked, 
and the croak always follows the stroke, 
just as the sound of a repeater follows tl\e 
touching of the spring. In the frog, this 
" song ' is innate— so to speak d priori— 
and dapends upon a mechanism in the 
brain governing the vocal apparatus, 
wEiich i-. set at work by the molecular 
change sel up in the sensory nerves of the 
skin of the back by the conuct of a for- 
eign body. 

In man there is also a vocal mechanism, 
and the cry of an infant is in the same 
sense innate and a priori, inasmuch as it 
depends on an organic relation between 
its sensory nerves and the nervous mech- 
anism which governs the vocal apparatus. 
Learning to speak, and learning to sing, 
are processes by which the vocal mech- 
anism is set to new tunes. A songwhich 
has been learned has its molecular equiv- 
alent, which potentially represents it in 
the brain, just as a musical box wound 
up potentially represents an overture. 
Touch the stop and the overture begins ; 
send a molecular impulse along iheproper 
afferent nerve and the singer begins his 
song. 

Again, the manner in which the frog, 
though apparently insensible to light, is 
yet, under some circumstances, influenced 
by visual images, finds a singular parallel 
in the case of the ex-sergeant. 

Sitting at a table, in one of his abnor- 
mat states, he took up a pen, felt for 
paper and ink. and began to write a let- 
ter to his generiil, in which he recommend- 




ed himself for a medal, o' 
his good conduct and courage, 
curred to Dr. Mesnet to ascertain experi- 
mentally how far vision was concerned 
in this act of writing. He therefore in- 
terposed a screen between the man's eyes 
and his hands : under these circumstances 
he went on writing for a short time, but 
the words became illegible, and he finally 
stopped, without manifesting any discon- 
tent. On the withdrawal of the screen 
he began to write again where he had 
left off. The substitution of water for 
ink in the inkstand had a similar result. 
He stopped, looked at his pen, wiped it 
on his coat, dipped it in the wate 
began again, with the same effect. 

On one occasion, he began to write | 
upon the topmost of ten superimposed 
sheets of paper. After he had written 
a line or two, this sheet was suddenly 
drawn away. There was a slight expres- 
sion of surprise, but he continued his 
letter on the second sheet exactly as if it 
had been the first. This operation was 
repeated five times, so that the fifth sheet 
contained nothing but the writer's signa- 
ture at the bottom of the page. Never- 
theless, when the signature was finished 
his eyes turned tn the top of the blank 
sheet, and he went through the form of 
reading over what he had written, ;■. 
movement of tlie lips accompanying each 
word ; moreover, with his pen. he put in , 
such corrections as were needed, in that 
partof the blank page which corresponded i 
with the position oi the words which re- I 
quired correction, in the sheets which . 
had been taken away. If the five sheets , i 
had been transparent, therefore, they ' 
would, when superposed, have formed a 
properly written and corrected letter. 

Immediately after he had written his 

letter, F got up, walked down to the 

garden, made himself a cigarette, lighted 
and smoked it. He was about to prepare 
another, but sought in vain for his tobac- 
co-pouch, which had been purposely 
taken away. The pouch was now thrust 
before his eyes and put under his nose, 
but he neither saw nor smelt it : but, 
when it was placed in his hand, he at 
once seized it, made a fresh cigarette, 
and ignited a match to light the latter. ] 
The match was blown out and another 
lighted match placed close before his ] 
eyes, but he made no attempt to take it ; I 
and, if his cigarette was lighted for him, ' 
he made no attempt to smoke. All this ' 
time the eyes were vacant, and neither ' 
winked, nor exhibited any ci 
the pupils. From these and other expc' 




s, Dr. Mesnet draws the 
that his patient sees some things and 
others ; that the sense o( sight is ace 
bic to all things which are brought 
relation with him by the sense of touch, 
and. on the contrarj', insensible to things 

which lie outside this relation. " 

the match he holds, and does not see any 

Just so the frog "sees" the book 
which is in the way of his jum|j, at the 
same time that isolated visual impressions 
take no effect upon him.* 

As 1 have pointed out. it is impossible 
to prove that F is absolutely uncon- 
scious in his abnormal state, but it is no 
less impossible to prove the contrary ; 
and the case of the Irog goes a long way 
to justify the assumption that, in the ab- 
normal state, the man is a mere insensi- 
ble machine. 

If such tacts as these had come under 
the knowledge of Descartes, would they 
not have formed an apt commentary upon 
that reniarkable passage in the " Traiti 
de I'Homme," which I have quoted else- 
vvhere.t but which is worth repetition ? — 

■■ All the functions which T have attributed 
to this machine (the boili ), as the digeatidn 
of food, the pulKalion uf tlir.- heart and of the 
.irttriea ; the nutrition and the growth of the 
limbs; respiration, wakefulness, and sleep; 
the reception of light, sounds, odors, flavors, 
heat, and such like ijualities, in the organs of 
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parallel which Ihey preiciil toihepn>e«dingaof F. 
[n his abnormal <iail Hut ihe gruL value oC Dr, 
MesneL's observalinns lies in ttie fact Ihst (he >b- 

k«p us clear of ihe cloud of rolunury and tovolun- 



Dufretpiently ncdcmpanlsd by a pcriurbation 

■slooubiiiB^ tun: □( lyiair for ita ohu sake, 
la this respect, also. K.'s cuv Is slagularly la 

fecify honest tnan^ in his a^noriiul condition 
■□ iovcleran; ihi 
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tctptiun of die" Doppelt^Anaer " is realized by 

'hicii they maybe tfuilty of the most rntniua; acts, 
vhiU, ia theoiWr. they arc eminenlly virtuous and 
espectablt --■■'■■■■ 
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the externa) senses; the impression ct t*e 
ideas of these in the organ of common i.t.a- 
d in the imaginaljon; the rcteiir:.jn 
mression of these ideas on the :i\cia- 
ory ; the internal movements of Ihe app Mites 
and the passions; and lastly, the cirlernal 
ivements of all Ihe limbs, which follow so 
aptly, as well the action o( the objects nhich 
presented lo the senses, as the Cinpres- 
l3 which meet in the memory, that Ihey 
ate as nearly as possible those of a real 
i; I desire, I say, that you should con- 
sider that these fundioni in the machine 
laturally proceed from Ihe tnerc arrangement 
)f its organs, neither more nor less than do 
he movements of a clock, or other automa- 
on, from that of its weights and its wheels f 
,0 that, so far as these are concerned, it is 
lot necessary to conceive any other vegeta- 
ivc or sensitive soul, nor any other principle 
>l motion or of life, than the blood and the 
ipitits agitated by the fire which burns con- 
mually in the heart, and which is no wise 



And would Descartes not have been jus- 
tified in asking why we need deny that 
animals are machines, when men, in a 
itate of unconsciousniws, perform, me- 
:hanically, actions as complicated and as 
seemingly rational as those of any ani- 

But though I do not think that Des- 
cartes's hypothesis can be positively re- 
luted, I am not disposed to accept it. 
The doctrine of continuity is too well es- 
tablished for it to be permissible to me to 
suppose that any complex natural phe- 
nomenon comes into existence suddenly, 
and without being preceded by simpler 
modifications ; and very strong argu- 
ments would be needed to prove that 
such complex phenoniena, as those of 
consciousness, first make their appearance 
in man. We know, that, in the individ- 
ual man, consciousness grows from a dim 
glimmer' to its full light, whether we con- 
sider the infant advancing in years, orthe 
adult emerging from slumber and swoon. 
We know, further, that the lower animals 
possess, though less developed, that part 
of the brain which we have every reason 
to believe to be the organ of conscious- 
ness in man ; and as, in other cases, 
function and organ are proportional, so 
we have a right to conclude it is with the 
brain; and that the brutes, though they 
may not possess our intensity of con- 
sciousness, and though, from the absence 
of language, they can have no trains of 
thoughts, but only trains of feelings, yet 
have a consciousness which, more or* less 
distinctly, foreshadows i 

I confess that, in vie\ 
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for existence which goes on in the animal 
world, and of the frightful quantity of 
pain with which it must be accompanied, 
1 should be glad tf the probabilities were 
in favor of Descartes's hypothesis ; but, 
on the other hand, considering the terri- 
ble practical consequences to domestic 
animals which might ensue from any er- 
ror on our part, it is as well to err on the 
right side, lE wc err at all, and deal with 
them as weaker brethren, who are bound, 
like the rest of us. to pay their toll for 
living, and suffer what is needful for the 
general good. As Hartley finely says, 
" We seem to be in the place of God to 
them;" and we may justly follow the 
precedents He sets in nature in our deal- 
ings with them. 

But though we may see reason to dis- 
agree with Descartes's hypothesis that 
brutes are unconscious machines, it does 
not follow that he was wrong in regard- 
ing them as automata. They may be 
more or less conscious, sensitive, autom- 
ata. ; and the view that they arc such con- 
scious machines is that which is implicitly, 
or ejtplicitly, adopted by most persons. 
When we speak of the actions of the 
lower animals being guided by instinct 
and not by reason, what we really mean 
is that, though they feel as we do, yet 
their actions are the results of their phys- 
ical organization. We believe, in short, 
that they are machines, one part of which 
(the nervous- system) not only sets the 
rest in motion, and co-ordinates its move- 
rnenCs in relation with changes in sur- 
rounding bodies, but is provided with 
special apparatus, -the function of which 
is the calling into existence of those states 
of consciousness which are termed sensa- 
tions, emotions, and ideas. I believe that 
this generallv accepted view is the best 
expression of the facts at present known. 

It is ex ■ 

may perform 3 suflicient demonstration 
of the fact — that a mode of motion of the 
nervous system is the immediate antece- 
dent of a state of consciousness. All but 
the adherents of " Occasionalism," or of 
the doctrine of " Pre-established Har- 
mony " (if any such row exist), must ad- 
mit that we have as much reason for re- 
garding the mode of motion of the ner- 
vous system as the cause of the state of 
consciousness, as we have for regarding 
any event as the cause of another. How 
the one phenomenon causes the other we 
know, as much or as little, as in any 
other case of causation ; but we have as 
much right lo believe that the sensation 



is an effect of the molecular change, as 
we have to believe that motion is an ef- 
fect of impact ; and there is as much 
propriety in saying that the brain evolves 
sensation, as there is in saying that an 
iron rod, when hammered, evolves heat. 

As 1 have endeavored to show, we are 
justified in supposing that somethir^ 
analogous lo what happens in ourselves 
takes place in the brutes, and that the af- 
fections of their sensory nerves give rise 
to molecular changes iii the brain, which 
again give rise to, or evolve, the corres- 
ponding states of consciousness. Nor 
can there be any reasonable doubt that 
the emotions of brutes, and such ideas as 
they possess, are similarly dependent 
upon molecular brain changes. Each 
sensory impression leaves behind a record 
in the structure of the brain — an " idea- 
genous" molecule, so to speak, which is 
competent, under certain conditions, to 
reproduce, in a fainter condition, the 
state of consciousness which corresponds 
with that sensory impression : and it is 
these " ideagenous molecules " which are 
the physical basis of memory. 

It may be assumed, then, that molecu- 
lar changes in the brain are the causes of 
all the states of consciousness of bmtes. 
Is there any evidence that these states of 
consciousness may, conversely, cause 
those molecular changes which give rise 
to muscular motion ? ( see no such evi- 
dence. The frogwalks, hops, swims, and 
goes through his gymnastic pertormanccs 
quite as well without consciousness, and 
consequently without volition, as with it ; 
and, if a frog, in his natural state, posses- 
ses anything corresponding with what wc 
call volition, there is no reason to think 
that it is anything but a concomitant of 
the molecular changes in the brain which 
form part of the series involved in the 
production of motion. 

The consciousness of brutes would ap- 
pear to be related to the mechanism of 
their body simply as a collateral product 
of its working, and to be as completely 
without any power of modifying that 
working as the steam-whistle which ac- 
companies the work of a locomotive en- 
gine is without influence upon its ma- 
chinery. Their volition, if they have 
any, is an emotion indicative of physical 
changes, not a cause of such changes. 

This conception of the relations of 
states of consciotisness with molecular 
changes in the brain— of psychosis with 
nguroscs—Aots not prevent us from as- 
cribing free will to brutes. For an agent 
is tree when there is nothing to prevent 
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[1 from doing that which he desires to 
. If a grayhound chases a hare, he is 
[i a. free agent, because his action is in en- 
k tire accordance with his strong desire to 
[t catch the hare ; while so long as he is held 
back by the leash he is not free, being 
prevented by external force from follow- 
ing his inclination. And the ascription o£ 
freedom to the grayhound under the for- 
mer circumstances' is by no means in- 
t with the other aspect of the 
I facts of the case— that he is a machine 
J impelled to the chase, and caused, at the 
' same time, to have the desire to catch the 

S;ame by the impression which the rays o[ 
ight proceeding from the hare make up- 
on his eyes, and through them upon his 
brain. 

Much ingenious argument has. at vari- 
,ous times, been bestowed upon the ques- 
I'tion: How is it possible to ima^ne that 
I volition, which is a state of consciousness, 
and, as such, has not the slightest com- 
munity of nature with matter in motion, 
can act upon the moving matter of which 
the body is composed, as it is assumed to 
do in voluntary acts? But if, as is here 
suggested, the voluntary acts of brutes — 
, or, in other words, the acts which they 
desire to perform — are as purely mechan- 
ical as the rest of their actions, and are 
simply accompanied by the state of con- 
sciousness called volition, the inquiry, so 
far as they are concerned, becomes su- 
perfluous. Their volitions do not enter 
into the chain of causation of their ac- 
tions at all. 

The hypothesis that brutes are con- 
scious automata is perfectly consistent 
with any view that may be held respect- 
ing the often discussed and curious ques- 
tion whether they have souls or not ; and, 
if they have souls, whether those souls 
are immortal or not. It is obviously har- 
monious with the most literal adherence 
to the text of Script! 
beast that perisheth ; " but it is 
sisient with [he amiable conv 
cribedby Pope to his "untutored savage," 
that when he passes to the happy hunt- 
ing-grounds in the sky, '■ his faithful dog 
shall bear him company." If the brutes 
have consciousness and no souls, then it 
is clear that, in them, consciousness is a 
direct function of material changes ; while, 
if they possess immaterial subjects of 
consciousness or souls, then, 
ness is brought into existeni 
consequence of molecular 
brain, it follows that it is 
product of material changi 
Stands related to the body 
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a clock to the works, and consciousness 
answers to the sound which the bell pves 
It when it is struck. 

Thus far I have strictly confined my- 
!f to the problem with \*'hich 1 pro- 
posed to deal at starting— the automatism 
of brutes. The question is, ] believe, a 
perfectly open one. and 1 feel happy in 
running no risk of either Papal or Pres- 
byterian condemnation for the views 
which I have ventured to put forward. 
And there are so very few interesting 
questions which one is, at present, al- 
lowed to think out scjentificaliy — to go as 
leads, and stop where ei-i- 
dence comes to an end — without speedily 
being deafened by the tattoo of " the 
' lesiastic " — that I have luxuriated 

-e freedom, and would now will- 
ingly bring this disquisition to an end if I 
could hope that other people would go no 
farther. Unfortunately, past experience 
debars me from entertaining any such 

that drum's discordant sound 

Parading round and tound and round," 

e not, at present, as audible to me, as 
as to the mild poet who ventured to 
express his hatred of drums in general, in 
that well-known couplet. 

It will be said, that I mean that the 
conclusions deduced from the study ot 
the brutes are applicable to man, and 
that the logical consequences of such ap- 
plication are fatalism, materialism, and 
atheism — whereupon the drums will beat 
the fas lie charge. 

One does not do baftle with drummers ; 
but I venture to offer a few remarks for 
the calm consideration of thoughtful per- 
sons, untrammeled by foregone conclu- 
sions, unpledged to shore-up tottering 
dogmas, and anxious only to know the 
true bearings of the case. 

It is quite true that, to the best of my 
judgment, the argumentation which ap- 
plies to brutes holds equally good of men ; 
and, therefore, that all states of conscious- 
ness in us, as in them, are immediately 
caused by molecular changes of the brain- 
substance. It seems to me that in men, 
brutes, there is no proof that any 
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change in the motion of the matter of the 
organism. It these positions are well 
based, it follows that our mental condi- 
tions are simply the symbols in conscious- 
ness of the changes which take place au- 
tomatically in the organism ; and that, to 
take an extreme illustration, the feehng 
we call volition is not the cause of a vol- 
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uniary act, but the symbol of that 
(if the brain which is the immediate 
of [hat act. We are conscious auto 
endowed with free will in the only intelli- 
gible sense of that much-abused term — 
inasmucb as in many respects we are 
able to do as we like — but none the leas 
parts of the ^eat series of causes and ef- 
fects which, m unbroken continuity, com- 
poses that which is, and has been, and 
shall be— the sum of existence. 

As to the logical consequences of this 
conviction of mine, I may be permitted to 
remark that logical consequences are the 
scarecrows of fools and the beacons of 
wise men. The only question which any 
wise man can ask hinnself, and which any 
honest man will ask himself, is whether 
a doctrine is true or false. Consequences 
will take care of themselves ; at most 
their importance can only justify us in 
testing with extra care the reasoning proc- 
ess from which they result. 

So that if the view I have taken did 
really and logically lead to fatalism, ma- 
teriatbra, and atheism, I should profess 
myself a fatalbt, materialist, and atheist ; 
and 1 should look upon those who, while 
they believed in my honesty of purpose 
ancl intellectual competency, should raise 
a hue and cry against me, as people who 
by their own admission preferred lying 
to truth, and whose opinions therefore 
were unworthy of the smallest attention. 

But, as 1 have endeavored to explain 
on other occasions, I really have no claim 
to rank myself among fatalistic, material- 
istic, or atheistic philosophers. Not 
among fatalists, for I take the conception 
of necessity to have a logical, and not a 
physical foundation ; not among material- 
ists, for 1 am utterly incapable of con- 
ceiving the existence of matter if there is 
no miod in which to picture that existence . 
not among atheists, for the problem ol 
the ultimate cause of existence is on( 
which seems to me to be hopelessly oul 
of reach o£ my poor powers. Of all tht 
senseless babble 1 have ever had occasior 
to read, the demonstrations of these phi' 
losophers who undertake to tell us al 
about the nature of God would be the 
worst, if they were not surpassed by the 
still greater absurdities of the philosophi 
who try to prove thai there is no God. 

And if this personal disclaimer should 
not be enough, let me further point out 
that a great many persons whose acute- 
ness and learning will not be contested, 
and whose Christian piety, and, in some 
cases, strict orthodoxy, are above suspi- 
cion, have held more or less definitely 
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ft is held, for example, in substance, I, 
the whole school of predestiiiarian thecK- 
iogians. typified by St. Augustine. Calvin, 
and Jonathan Edwards — the great work 
o£ the latter on the will showmg in thb, 
as in other cases, tliatthegjowthof'phys- 
ical science has introduced no new diffi- 
culties of principle into theological prob- 
lems, but has merely given visible body, 
as it were, to those which already existed. 

Among philosophers, the pious Geu- 
lincx and the whole school of occasionalist 
Cartesians held this view : the orthodox 
Leibnitz invented the term " automate 
spidtue!," and applied it toman ; the fer- 
vent Christian, Hartley, was one of the 
chief advocates and best expositors of the 
doctrine ; while another zealous apologist 
of Christianity in a sceptical age. and a 
contemporary of Hartley, Charles Bonnet, 
the Genevese naturalist, has embodied 
the doctrine in language of such precis- 
ion and simplicity, that I will quote the 
little-known passage of his " Essai de 
Psychologic " at length :— 

THE 



" Philosophers accustomed to judge of 
things by that which they are in themselves, 
und not by their relation to receive ideas, 
would not be shocked if they met with the 
proposition that the soul is a mere spectator 
of the movements of its body : that the latter 
performs of itself all that series of actions 
which constitutes life : that it moves of itself : 
that it is the body alone which repioducea 
ideas, compares and arranges them; which 
fonns reasonings, imagines and executes 
plans of all kinds, etc. This hypoihcais, 
though perhaps of an excessive boldness, 
never theless deserves some consideration. 

" It is not to be denied that Supreme Power 
could create an automaton which should'ex- 
actly imitate all the external and internal 

" I understand by external actions, all those 
movements which pass under our eyes ; I term 
internal actions, all the motions nhich in the 
natural state cannot be observed because 
they take place in the interior of the body — 
such as the movements of digesUon, circula- 
tion, sensation, etc. Moreover, I include in 
this category the movements which give rise 
to ideas, whatever be their nature. 

" In the automaton vthich we are consider- 
ing everything would be precisely determined, 
Everylhmg would occur according to the 
rules of the most admirable mechanism ; one 
state would succeed another state, one opera- 
tion would lead to another operation, accord- 
ing to invariable laws ; motion would become 
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duction to protlin . ... 

*■ ConstructEd wiih ilefinile relations to the 
activity of the beings which compose the 
world, the automaiun wouid reeeive impro»- 
sions !iom it, and, in faithful corntpoildBiiG* 
theteto, it would uxecute a cttrf expanding 
MUtes'of ntotioiu. 

" IndiffereDt toward anj' determination, it 
-«-3uIJ yield equally to all, if the first im- 
pr;:^ioLia did not, so to speak, wind up the 
raachir.c z^i decido its operations and its 

"Tb« lfifj» ^ fflO;"Einciiia which tiiia ail- 
VMitoa could execute would distinguish it 
from all others formed on the same model, 
but which, not having been placed in similar 
C'.rcud.ancei, trould not have experienced 
the sama impressions, or would no; have ex- 
perienced th.:!m i.T ihe same order. 
_ " 'J'he sen&es of the automaton, set in mo- 
tion by the objects presented to it, would 
commuiucate tlicir moliiin to the brain, the 
diief motor apparatus of ihe machine. This 
would put in action the muscles of the hands 
and feel, in virtue of their secret connection 
with the senses. These miiscleE, alternately 
contracted and diluted, would approximate 
or remove the automaton from tM objects, 
in tbt relation wluch they would bear to the 
conservation or the dcsLruction trf the ma- 

^Tbe motions of pcrceplicm and scnsaCimi 
which the oSjects would have impressed on 
the brain, would be preserved in it by the 
energy of its mechanism. They would be- 
come more vivid according to the actual con- 
dition of the automaton, considered in itself 
and relatively to the objects. 

" Words being only the inotions impressed 
on the organ of hearing and that of voice, 
the diversity of these movements, their com- 
bination, the order in which Ihey would suc- 
ceed one another, would represent judgraenls, 
reasoning, and all thcopcrau^ns of the mind. 

"A close corrcaiHindence between the or- 
gans of the senses, either by the opening into 
one another of their nervous ramifications, or 
by.iljterpoaed springs {rtttor/j), would, estab- 
lish such a conliectlon in tlieir work<ng,'lhal, 
on the occasion of the movemenls impressed 
on one of these organs, other movements 
would be excited, or would becoma more 
vivid in some of the other senses, 

"Give the automaton > soul which con- 
tempUtes its movements, which believes it- 
self to be the author of ihem, which has dif. 
ferenl volllions on the occasion □£ the differ, 
cut movements, and you will on this hypothe- 
sis construct a man. 

" But would this man be free ? Can the 
feeling of our liberty, this feeling which Is so 
clear and so distinct and so vivid as to per- 
suade us that we are the authors of our ac- 
tions, be conciliated with this hypothesis? 
If it removes the difficulty which attends the 
conception of the action of the soul on the 
l»dy, on the other hand it leaves untouched 
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But if Leibnit;!, Jonathan Edwards, and 
Hartley— men who rank amunu the glu\t» 
of the world ol thoyght— could see tin Ul- 
tflgonisin be(w«En fli« doctrinaund^'f diS' 
cusslon mid CUfJstiafi MUoMlHyi Is it Httt 
just t>o»>BlblM that Jirriaw'tolii may Im 
wrong In making sucli a coil about " lag- 
ical conseqtietices".^ And seeing how 
large a share of this clamor is raised by 
the clergy ot one denomination or another, 
may I say, in conclusion, tfiat it really 
would be well if ecclesiastical persons 
would reflect thai ordinaiioii, whatever 
deep-seated aroccs It may coiifec. h^ 
never been observed to be followed by 
any visible increase in the learning or the 
lo^ic of its subject. Making a man a 
Bishop, or entrusting him wiui the office 
of ministering to even the brgest of Pres- 
byterian congregations, or setting him np 
to lecture to a Church congress, really 
does not in the smallest degree augment 
such title to respect as his opinions may 
iirinsically possess. And, when sut-h a 
lan presumes on an authority which was 
conferred upon him for other purposes, to 
sit in judgment upon matters his incompe-' 
tence to deal with which is patent, it is 
pcrnlissible to ignore his sacerdotal' pre- 
tensions, and to tell him, a& one would 
tell a mere common, unconsecrated lay- 
man, that it is not necessary for any man 
to occupy himself witii problems of this 
kind unless he so choose ; life is filled full 
enough by the performance of its ordinary 
and obvious duties. But that, if a man 
elect to become a judge of these grave 
questions ; still more, ifhe assume the re- 
sponsibility of attaching praise or blame 
to his fellowmen for the conclusions at 
which they arrive touching them, he will 
commit a sin more grievous than most 
breaches (tf the Decalogue, unless be 
avoid a lazy reliance upon the informa- 
tion that is gathered by prejudice and fil- 
tered throu^ passion, unless he go back 
to the prime sources of knowledge — the 
tacts 01 nature, and the thoughts of those 
wise men who for generations past have 
been her best interpreters. 

II. I 

SCIENCE AND CULTURE.* 
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lege of addressing a large assemblage (if 
the inhabiiatits o( this city, who had gnch- 
ored together to do honor to the mem- 
ery at iheif famoua townsman, Joseph 
trtSBtiey ; end, if any satisfaction attaches 
to powhutnoiis glory, we may hope that 
the manes of the burnt-out philosopher 
were then finally appeased. 

No man. however, who is endowed with 
a fair share of common sense, and not 
more than a fair share of \'anity. will iden- 
tity either contemporary or posthumous 
fame with the highest good ; and Prieat- 
ley's life leaves no doubt that he, at any 
rate, set a much hightr \alue upon the 
advancement of knowledge, and the pro- 
motion of that freedom of thought which 
is at once the cause and the conseqiience 
of intellectual progress. 

Hence I am disposed to think that, if 
Priestley could be amongst us to-day, the 
occasion of our meeting would afford him 
even greater pleasure than the proceed- 
ings which celebrated the centenary of 
his chief discovery. The kindly heart 
would be moved, the high sense of social 
duty would be satisfied, by the spectacle 
of well-earned wealth, neither squandered 
in tawdry luxury and vainglorious show, 
nor scattered with the careless charity 
which blesses neither him that gives nor 
hini that takes, but expended in the exe- 
cution of a well-considered plan for the 
aid of present and future generations of 
those who are willing to help themselves. 

We shall all be of one mind thus far. 
But it IS needful to share Priestley's keen 
interest in physical science ; and to have 
learned, as he had learned, the value of 
scientilic training in fields of inquiry ap- 
parently far remote from physical science ; 
ID order to appreciate, as he would have 
appreciated, the value of the noble gift 
which Sir Josiah Mason has bestowed 
upon the inhabitants of the Midland dis- 
trict. 

For us children of the nineteenth cent- 
ury, however, the establishment of a col- 
lege under the conditions of Sir Josiah 
Mason's Trust, has a significance apart 
from any which it could have possessed a 
hnndred years ago. It appears to be an 
indication that we are reaching the crisis 
of the battle, or rather of the long series 
of battles, which have been fought over 
education in a campaign which began 
long before Priestley's time, and ivill 
probably not be finished just yet. 

In the last centurj'. the combatants 
were the champions of ancient literature, 
9n the one side, and those of modern lit- 
on the other ; but, some thirt; 



years* ago, the contest became Coitiplj- 
cated by the appearance of a third armj', 
ranged round the banner of Physical Sci- 

I am not aware that any one has au- 
thority to speak in the name of this new 
host. For it must be admitted to be 
somewhat of a guerilla force, romposed 
largely of irregulars, each of whom fights 
pretty much for his own hand. But the 
impressions of a full private, who has 
Men a good deal of service in the ranks, 
respectmg the present position of affairs 
and the conditions of a permanent peace, 
may not be devoid of interest ; and I do 
not know that I could make a better use 
of Che pr^i,,uL oppprtunitj' than by laying 
them before you. 

From the time that the first suggestion 
to introduce physical science into ordmary 
education was timidly whispered, until 
now. the advocates of scientific education 
have met with opposition of two kinds. 
On the one hand, they have been pooh- 
poohed by the men of business who pride 
themselves on being the representatives 
of practicality; while, on the other hand, 
they have been excommunicated by thi 
classical scholars, in their capacity oi 
Leviccs in charge of the ark of culture and 
monopolists of liberal education. 

The practical men believed that the idol 
whom they worship — rule of thumb — has 
been the source of the past prosperity, and 
will suffice for the future wellare of the 
arts and manufactures. Thev were of 
opinion that science is speculative rub- 
bish ; that theory and practice have noth- 
ing to do with one another; and that the 
scientific habit of mind is an impediment, 
rather ihan an aid, in the conduct of or- 
dinary affairs. 

1 have used the past tense in speaking 
of the practical men— for although they 
were very formidable thirty years ago, I 
am not siire that the pure species has not 
been extirpated. In fact, so far as mere 
argument goes, they have been subjected 
to such a/£it d'enfer that it is a miracle 
if any have escaped. But 1 have remarked 
that your typical practical man has an un- 
expected resemblance to one of Milton's 
angels. His spiritual w*ounds, such as 
are inflicted by logical weapons, may be 
as deep as a well and as wide as a church 
door, but beyond shedding a few drops 
of ichor, celestial or otherwise, he is no 
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whit the worse. So, U any of these op- 
lionents be left, 1 will not waste lime in 
vain repetition of the demonstrative evi- 
deni:c of the practical value oE scienue ; 
but knowing that a parable wil! sometinieK 
penetrate where syllogisms fail to effect 
an entrance, 1 will offer a story for their 
consideration. 

Once upon a time, a boy. with nothing 
to depend upon but his own vi^rous nat- 
ure, was thrown into the thick of the 
struggle for existence in the midst of 
a great manufacturing population. He 
seems to have had a hard fight, inasmuch 
as, by the lime he ivas thirty years of age. 
his total disposable funds amounted to 
twenty pounds. Nevertheless, middle 
life found him giving proof of his com- 
prehension of the practical problems fie 
had been roughly called upon to solve, by 
a career of remarkable prosperity. 

Finally, having reached old age with 
its well-earned surroundings of " honor, 
troops of friends." the hero cf my story 
bethought himself of those who were mak- 
ing a like start in life, and liow he could 
stretch out a helping hand to them. 

After long and anxious reflection this 
successful practical man of business could 
devise nothing better than to provide 
them with the means of obtaining "sound, 
extensive, and practical scientific knowl- 
edge," And he (le\'Oted a large part of 
his wealth and five years of incessant 
work to this end. 

I need not point the moral of a tale 
Wliich, as the solid and spacious fabric of 
the Scientific College assures us, is no 
fable, nor can anything which I could say 
intensifj' the force of this practical an- 
sw,er to practical objections. 

We may take it for granted then, that, 
ic the opinion of those best quaiitied to 
judge, the diffusion of thorough scientific 
education is an absolutely essential con- 
dition of industrial progress ; and that 
the College which has been opened to- 
day will confer an inestimable boon upon 
those whose livelihood is to be gained by 
the practice of the arts and manufactures 
of the district. 

The only question worth discussion is, 
whether the conditions, under which the 
work of the College is to be carried out, 
.ire such as to give it the best possible 
chance of achieving permanent success. 

Sir Josiah Mason, without doubt most 
wisely, has left very large freedom of ac- 
tion to the trustees, to whom he proposes 
ultimately to commit the administration 
of the College, so that they may be able 
to adjust its arrangements in accordance 



witii the changing conditions of the future. 
But, with respect to three points, he has 
laid mo<^t expL'cit injunctions upon both 
administrators and teachers. 

Party politics are f.jrbidden to enter 
into the minds of either, so far as the 
work of the College is concerned ; theol- 
ogy is as sternly banished from its pre- 
cincts ; and finally, it is especially declared 
that the College shall make no provision 
for ■' mere literary instruction and educa- 

It does not concern me at present to 
dwell upon the tirsi two injunctions any 
longer than may be needful to express 
my full conviction of their wicdom. But 
the third prohibition brings us face to face 
with those other opponents of scientific 
education, who are by no means in the 
moribund condition of the practical nian, 
but alive, alert, and formidable. 

It is not impossible that we shall hear 
this express exclusion of " literary instruc- 
tion and education " from a College which. 
nevertheless, professes to give a high and 
efficient education, sharply criticised. Cer- 
tainly the time was that the Levites of 
culture would have sounded their trump- 
ets against its walls as against an educa- 
tional Jericho, 

How often have we not been told that 
the study of physical science is incompe- 
tent to confer culture : that it touches 
none of the higher problems of hfe; and, 
what is worse, that the continual devotion 
to scientilic studies tends to generate a 
narrow and bigoted belief in the apphca- 
bility of scientific methods to the search 
after truth of all kinds. How frequently 
one has reason to observe that no reply 
to a troublesome argument tells so well as 
calling its author a " mere scientific spe- 
cialist." And, as I am afraid it is not 
permissible to speak of this form of oppo- 
sition to scientific education in the past 
tense ; may we not expect to be told that 
this, not only omission, but prohibition, ot 
" mere literary instruction and education " 
is a patent example of scientific narrow- 
mindedness? 

I am not acquainted with Sir Josiah 
Mason's reasons for the action which he 
has taken ; but if, as 1 apprehend is the 
case, he refers to the ordinary classical 
course of our schools and universities by 
the name of ■' mere literary instruction and 
education," I venture to offer sundry rea- 
sons of my own in support of that action. 

For I hold very strongly by two convic- 
tions — The first IS, that neither the disci- 
pline nor the subject-matter of classical 
education is of such direct value to the 
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student ot physical science as to justifj- 
the expenditure o( valuable time upon 
either ; and the second is. that for the pur- 
pose of attaining real culture, an exclu- 
.■nvely scientific education is at least as ef- 
(eetual an an exclusively literary educa- 

I need hardly point out to you that these 
opinions, especially the later, are diamet- 
ncally opposed to those of the great ma- 
jority of educated Englishmen, influenced 
as they are by school and university tra- 
ditions. In their belief, culture is obtain- 
able only by a liberal education ; and a 
liberal educatipn is synonymous, not 
merely with education and instruction in 
iiterature, but in one particular form of 
literature, namely, that of Greek and Ro- 
man antiquity. They hold that the man 
who has learned Latin and Greet, however 
iillle. is educated ; while he who is versed 
in other branches of Icnowledge, howe\'er 
deeply, is ajnore or less respectable spe- 
cialist, not admissible into the cultured 
caste. The stamp of the educated man, 
the University degree, is not for him. 

I am loo well acquainted with the gen- 
erous catholicity of spirit, the true sym- 
pathy with scientific thought, which per- 
vades the writings of our chief apostle of 
culture to identify him with these opin- 
ions ; and yet one may cull from one and 
another of those epistles to the Philistines, 
which so much delight all who do not an- 
swer to that name, sentences which lend 
them some support. 

Mr, Arnold tells us that the meaning of 
culture ia " to know the best that has been 
thought and said in the world." It is the 
criticism of life contained in literature. 
That criticism regards " Europe as being, 
for intellectual and spiritual purposes, one 
great confederation, bound to a joint ac- 
tion and working to a common result ; 
and whose members have, for their com- 
mon outfit, aknowledge of Greek, Roman, 
and Eastern antiquity, and of one another. 
Special, local, and temporary advantages 
being put out of account, that modern 
nation will in the intellectual and spirit- 
ual sphere make most progress, which 
most thoroughly carries out this pro- 
gramme. And what is that but saying 
that we too, all of us, as individuals, the 
more thoroughly we carry it out, shall 
make the more progress ? " 

We have here to deal with two distinct 
propositions. The first, that a criticism 
of life ia the essence of culture ; the sec- 
ond, that literature contains the materials 
which suffice for the construction of such 
a criticism. 



I think that we must all assent to the 
first proposition. For culture certainly 
means something quite different from 
learning or technical skill. It implies the 
possession of an ideal, and the habit of 
critically estimating the value of things 
by comparison with a theoretic standard. 
Perfect culture should apply a complete 
theory of life, based upon a clear knowl- 
edge alike of its possibilides and of its 
limitations. 

But we may agree to all this, and yet 
strongly dissent from the assumption that 
literature alone is competent to supply 
this knowledge. After having learnt all 
that Greek. Roman, and Eastern antiquity 
have thought and said, and all that mod- 
ern literatures have to teli us, it is not self- 
evident that we have laid a sufficiently 
broad and deep foundation for that criti- 
cism of life wich constitutes culture. 

Indeed, to any one acquainted with the 
scope ot physical science, it is not at all 
evident. Considering progress only in the 
'■ intellectual and spiritual sphere,' I find 
myself wholly unable to admit that either 
nations or individuals will really advance, 
if their common outfit draws nothing from 
the stores of physical science. I should 
say that an army, without weapons of 
precision, and with no particular base of 
operations, might more hopefully enter 
upon a campaign on the Rhine, than a 
man, devoid of a knowledge of what phys- 
ical science has done in the last century, 
upon a criticism of life. 

When a biologist meets with an anom- 
aly, he instinctively turns to the study of 
development to clear it up. The rationale " 
of contradictory opinions may with equ^ 
confidence be sought in history. 

It is. happily, no new thing that English- 
men should employ their wealth in build- 
ing and endowing institutions for educa- 
tional purposes. But. five or sin hundred 
years ago. deeds of foundation expressed 
or implied conditions as nearly as possible 
contrary to those which have fieen thought 
expedient by Sir Josiah Mason. That is 
to say. physical science was practically ig- 
nored, while a certain literary training 
w'as enjoined as a means to the acquire- 
ment of knowledge which was essentially 
theological. 

The reason of this singular contradic- 
tion between the actions of men alike an- 
imated by a strong and disinterested de- 
sire to promote the welfare of their fel- 
lows, is easily discovered. 

At that time, in fact, if any one desired 
knowledge beyond such as could be ob- 
tained by his own observation, or by 
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1 conversation, liis first necessity 
was ihe learn the Latin language, inas- 
much as all the higher knowledge of the 
western world was contained in works 
written in that language. Henoe, Latin 
grammar, w.ith logie and rhetoric, studied 
through Latin, were the (undamentals of 
education. With respect to the substance 
of the knowledge imparted through this 
channel, the Jewish and Christian Script- 
ures, as interpreted and supplemented by 
the Romish Church, were held to contain 
a connpicte and infallibly true body of in- 
formation. 

Theological dicta were, to the thinkers 
of those days, that which the axioms 
and definititins of Euclid are to the 
geometers of these. The business of the 
philosophers of the middle ages was to 
deduce from the data furnished by the 
theoigians, conclusions in accordance with 
ecclesiastical decrees. They were allowed 
the high privilege of showmg. by logical 
process, how and why that which the 
Church said was true, must be true. 
And if their demonstrations fell short of 
or exceeded this limit, tlie Church was 
maternally ready to check their aberra- 
tions, if need be, by the help of the secu- 
lar arm. 

Between the two, our ancestors were 
furnished with a compact and complete 
criticism of life. They were told how the 
world began, and how it would end ; 
they learned that all material existence was 
but a base and insignificant blot upon 
the fair face of the spiritual world, and 
that nature was, to all intents and _pur- 

E loses, the play-ground of the devil ; they 
earned that the earth is the center of the 
visible universe, and that man is the cyno- 
sure of things terrestrial ; and more 
especially is it inculcated that the course 
of nature had no fixed order, but that it 
could be, and constantly was, altered by 
the agency of innumerable spiritual be- 
ings, good and bad, according as they 
were moved by the deeds and prayers of 
men. The sum and substance of the 
whole doctrine was to produce the con- 
viction that the only thing really worth 
knowing in this world was how to secure 
that place in a better which, under cer- 
tain conditions, the Church promised. 

Our ancestors had a living belief in 
this theory of life, and acted upon it in 
their dealings with education, as in all 
other matters. Culture meant saintliness 
— after the fashion of the saints of those 
days ; the education that led to it was, of 
necessity, theological ; and the way to 
theology lay through Latin. 



Thai the study of nature— further than 
was requisite for the satisfaction of every- 
day wants — should have any bearing on 
humaiilife was (ar from the thoughts of 
men thus trained. Indeed, as nature 
had been cursed for man's sake, it was an 
obvious conclusion that those who med- 
dled with nature were likely to come into 
pretty close contact with Satan. And, 
if any born scientific investigator followed 
his instincts, he might safely reckon upon 
earning the reputation, and probably upon 
suffennj; the laie, of a sorcerer. 

Had the western world been left to it- 
self in Chinese isolation, there is no sav- 
ing how long this state of things migKt 
have endured. But, happily, it was not 
left to itself, Even earlier than the thir- 
teenth century, the dei-clopment of Moor- 
ish civilization in Spain and the great 
movement of the Crusades had intro- 
duced the leaven which, from that day to 
this, has never ceased to work. At first, 
though the intermediation of Arabic 
translations, afterward by the study cf 
the originals, the we.iiern nations of Eu- 
rope became acquainted with the writ- 
ings of the ancient philosophers and poets, 
and, in time, with the whole of the vast 
literature of antiquity. 

Whatever there was of high intellect- 
ual aspiration or dominant capacity in 
Italy. France. Germany, and England, 
spent itself for centuries in lakingposses- 
Eion of the rich inheritance left by the 
dead civilizations of Greece and Rome. 
Marvelously aided by the in\'ention of 
printing, classical learning spread and 
flourished, Those who possessed it 
prided themselves on having attained the 
highest culture then within the reach 
of mankind, 

And justly. For, saving Dante on his 
solitary pmnacle, there was no figure in 
modern literature at the lime of the 
Renascence to compare with the men of 
antiquity; there was no art to compete 
with their sculpture ; there was no phys- 
ical science but that which Greece had 
created, Above all, there was no other 
example of [lerfect intellectual freedom— 
of the unhesitating acceptance of reason 
as the sole guide to truth and the su- 
preme arbiter of conduL-t. 

The new learning necessarily soon ex- 
erted a profound influence upon educa- 
tion. The language of the monks and 
schoolmen seemed little better than gib- 
berish to scholars fresh from Vir^l and 
Cicero, and the study of Latin was placed 
upon a new foundation. Moreover. Lat- 
in itself ceased to afford the sole key to 
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knowledge. The student who sought the 
highest thought of aniiquicy, found only 
a second-hand reflection of it in Roman 
literature, and turned his face to the full 
light of the Greeks. And after a battle, 
not altogether dissimilar to that which is 
at present being fought over the teaching 
of physical science, the study of Greek 
was recognized as an essential element of 
all higher education. 

Thas the Humanists, as thejr were 
called, won the day : and the ^eat reform 
which they effected was of .incalculable 
service to mankind. But the Nemesis of 
all reformers is finality ; and the reformers 
of education, like thoseof religion, fell into 
the profound, however common, error of 
mistaking the beginning (or the end of 
the work of reformation. 

The representatives of the Humanists 
in the nineteenth century, take their stand 
upon classical education as the sole ave- 
nue to culture, as firmly as if we were stiil 
in the age of Renascence. Yet, surely, 
the present intellectual relations of the 
modern and the ancient worlds are pro- 
foundly different from those which ob- 
tained three centuries ago. Leavingaside 
the existence of a great and characteristic- 
ally modem literature, of modem paint- 
ing, and. especially, of modern music, 
there is one feature of the present state of 
the civiliied world which separates it more 
widely from the Renascence, than the 
Rcna-secnce was separated from the 
middle ages. 

This distinctive character of our own 
times lies in the vast and constantly in- 
creasing part which is played by natural 
knowledge. Not only is our daily life 
shaped by it, not only does the prosperity 
of millions of men depend upon it. but 
our whole theory of life has long been in- 
fluenced, consciously or unconsciously, by 
the general conceptions of the universe, 
which have been forced upon us by phys- 

In fact, the most elementarv- acquairrt- 
ancc with the results of scientific investi- 
gation shows us that they offer a broad 
and striking contradiction to the opinions 
so implicitly credited and taught in the 
middle ages. 

The notions of the beginning and the 
end of the world entertained by our fore- 
fathers are no longer credible. It is very 
certain that the earth is not the chief 
body in the material universe, and that 
the world is not subordinated 
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is the expression of a definite order with 
which nothing interferes, and that the 
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chief business of mankind 
order and govern themselves accordingly. 
Moreover this scientific '■ criticism of life " 
presents itself to us with different creden- 
tials from any other. It appeals not to 
authority, nor to wliat anybody may have 
thought or said, but in nature. It admits 
that all our interpretations of natural fact 
or more or less miperfect and symbolic, 
and bids the learner seek for truth not 
among words but among things. It 
warns us that the assertion which out- 
strips evidence is not only a blunder but 

The purely classical education advo- 
cated by the representatives of the Hu- 
manists in our day, gives no inkling of all 
this. A man may be a better scholar 
than Erasmus, and know no more of the 
chief causes of the present intellectual fer- 
mentation than Erasniits did. .Schnlarly 
and pious persons, worthy of all respect,, 
favor us with allocutions upon the sadness' 
of the antagonism of science to their me-> 
diieval way of thinking, which betray an ig- 
norance o'f the first principles of scientific' 
investigaEioa, an incapacity for under- 
standing what a man of science means by 
veracity, ant! an unconsciousness of the 
weight of established scientific truths, 
which is almost comical. 

There is no great force in the /« fuo- 
(7tt,fargument, or else the advocates of 
scientific education might fairly enough 
retort upon the modern Humanists that 
they may be learned specialists, but that 
they possess no such sound foundation 
for a criticism of life as deserves the name 
of" culture. And, indeed, if we were dis- 
posed to be cruel, we might urge that the 
Humanists have brought this reproach 
upon themselves, not because they are 
too full of the spirit of the ancient Greek, 
but because they lack tt. 

The period of the Renascence is com- 
monly called that of the " Revival of Let- 
ters,' as if the influences then brought to 
bear upoii the mind of Western Europe 
has been wholly exhausted in the field of 
literature. I think it is very commonly 
forgotten that the revival of science, ef- 
fected by the same agency, although less' 
.t less 



of nature of that day picked up the clue 
to her secrets exactly as it fell from the 
hands of the Greeks a thousand years be- 
fore. The foundations of mathematicB 
were so well laid by them, that our chil- 
dren learn their geometry from a book 
written for the schools of Alexandria two 
thousand years ago. Modem astronomy 
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» tbe natural continiiatian and develop- 
lentof the work vi Hippaa-hus and uf 

■ Ptolciny : modem pbysiL-s of that ol Dc- 
mocritus and of Ari'liiniedes : it was long 
before modem biiilo;j;ical sL-ieiice outgrew 
the knowledge b^nucatlied to ua by Aris- 
totle, by TheopbrdSt.is. and by Gakii. 

We cannot know all the be,-i liiouSjdits 
and sayings of llie (ireeks unless wc 
k.now what they thought nbout natural 
phenomena, We cannot fully apprehend 

" '' cir criticism of life unless wc under- 

uid the extent to which that criticism 

feas affected by scientific conceptions. 

'e falsely pretend to be the inheritors of 

" their culture, unless w« are penetrated, as 
ihe best minds among them were, with 
an unhesitating' faith that the free em- 
ployment of reason, in accordance with 
scientific method, is the sole method of 
reaching truth. 

Thus I venture to think that the pre- 
tensions of our modem Humanists to the 
possession of the monopoly of culture and 

tto the exclusive inheritance of the spirit 
lbt antiquity must be abated, if not aban- 
fdoned. But I should be very sorry that 

['anything I have said should be taken 
to imply a desire on my part to depreci- 
ate the value of classical education, as it 
might be and as it sometimes is. The 
native capacities of mankind vary no less 
than their opportunities ; and while cult- 
ure is one, the road by which one man 
may best reach it is widely different from 
that which is most advantageous to an- 
other. Again, while scientitk education 
is yet inchoate and tentative, classical ed- 
ucation is thoroughly well organized upon 
the practical experience of generations of 
teachers. So that, given ample time for 
learning and destination for ordinary life, 
or for a literary career, 1 do not think that 
a young Englishman in search o£ culture 
can do better than follow the course usu- 
ally marked out for him. supplementing its 
deficiencies by his own efforts. 

But for those who mean to make 
science their serious occupation ; or who 
intend to follow the profession of medi- 
cine; or who have to enter early upon 
the business of life ; for all these, in mj 
opinion, classical education is a mistake 
and it is for this reason that I am glad t( 
see '■ mere literary education aod instruc- 
tion " shut out from the curriculum of 
Sir Joaiali Mason's College, seeing that 
inclusion would probably lead to the i 
troduction of the ordinary smattering of 
Latin and Greek. 

Nevertheless, I am the last person to 
question the importance of genuine li' 



ary education, or to suppose that intellect- 
ua'l culture can be complete without it. 
An exclusively scientific training will 
bring about a mental tnist as surely as 
an exclusively literary training. The 
value of the cargo does not compensate 
for a ship's being otit of trim ; and I 
should be very sorry to think that the 
Scientific College would turn out none 
but lop-sided men. 

There is no need, however, that such a 
catastrophe should happen. Instruction 
in English, i'rench, and German is pro- 
vided, and thus the three greatest literatures 
of the moder.i world are made accessible 

the student. 

French and (ierman, and especially 
the latter language, arc absolutely indis- 
pensable to those who desire full knowl- 
edge in any department of science. But 
even supposing that the knowledge of 
these languages acquired is not more than 
sutticient for purely scientific purposes, 

^ry Englishman has. in his native tongue, 
almost perfect iustmment of literary 
expression; and, in his own literature, 
models of every kind of literary excellence. 
L Englishman cannot get literary cult- 
out of his Bible, his Shakespeare, his 
Milton, neither, in my belief, will the pro- 
foundest study of Homer and Sophocles, 
Virgil and Horace, give it to him. 

Thus, since the constitution of the Col- 
lege makes sufficient provision for literary 
as well as for scientific education, and 

plated, it seems to me tliat a fairly com- 
plete culture is offered to all who are will- 
ing to take advantage of it. 
But 1 am not sure that at this point the 
practical " man, scotched but not slain, 
may ask what all this talk about culture 
has to do with an Institution, the abject 
of which is defined to be " to promote the 
prosperi^of the manufactures and the in- 
dustry of the country." He may suggest 
that what is wanted for this end is not 
culture, nor even a purely scientific disci- 
pline, but simply a knowledge of applied 

I often wish that this phrase, " applied 
science." had never been invented. For 
it suggests that there is a sort of scientific 
knowledge of direct practical use. which 
can be studied apart from another sort of 
scientific knowledge, which b of no prac- 
tical utility, and which Is termed " pure 
science." 'But there is no more complete 
fallacy than this. What people call ap- 
l^lied science is nothing but the applica- 
tion of pure science to particular classes 
of problems. It consists of deductions 



from those general principles, established 
by reasoning and observation, which con- 
stitute pure science. No one can safely 
make these deductions until he has a firm 
grasp of the principles ; and he can obtain 
that grasp only by personal experience of 
the operations of observation and of 
reasoning on which they are founded. 

Almost all the processes employed in 
the arts and manufaciures fall within the 
range either of physics or of chemistry. 
In order to improve them, one must thor- 
oughly understand them : and no one has 
a chance of really understanding them, 
unless he has obtained that mastery of 
principles and that habit of dealing with 
facts, which is given by long-continued 
and well-directed purely scientific training 
in the physical and the chemical labora- 
tory. So that there really is no question 
as to the necessity of purely scientific dis- 
cipline, even if the work of the College 
were limited by the narrowest interpreta- 
tion of its stated aims. 

And. as to the desirableness of a wider 
culture than that yielded by science alone, 
it is to be reiollected that the improve- 
ment of manufacturing processes is only 
one of the conditions which contribute to 
the prosperity of industry. Industry is a 
means and not an end ; and mankind 
work only to get something which they 
want. What that something is depends 
partly on their innate, and partly on their 
acqmred. dwires. 
. If the wi;alth resulting from prosperous 
industry is to be spent upon the gratifica- 
tion of unworthy desires, if the increasing 
perfection of manufacturinij processes is 
to be accompanied by an increasing de- 
basement of those who carry them on. ! 
do not see the good of industry and pros- 
perity. 

Now it is perfectly true that men's views 
of what is desirable depend upon their 
characters : and that the innate proclivi- 
ties to which we give that name are noi 
touched by any amount of instruction 
But it does not follow that even mere in- 
tellectual education may not, to an indef- 
inite extent, modify the practical manifes- 
tation of the characters of men in their 
actions, by supplying them with mo 
unknown to the ignorant. A pleas 
loving character will have pleasun 
some sort : but, if you give him the 
choice, he may prefer pleasures which do 
not degrade him to those which do. And 
this choice is offered to every man. wh 
possesses m literary or artistic culture 
never-failing source of pleasures, whic 
arc neither withered iiy age, nor stiiled by 



am, nor embittered in the reeollectii 
by the pangs of self-reproach. 

If the Institution opened to-day fulfills 
the intention of its founder, the picked in- 
telligences among all classes of the popu- 
lation of this district will pass through it. 
No child born in Uirmingham, hencefor- 
ward, if he have the capacity to profit by 
the opportunities offered to him, first in 
the primary and other schools, and after- 
ward in the Scientific College, need fail 
obtain, not merely the instruction, but 
the culture most appropriate to the con-, 
ditions of his life. 

Within these walls, the future employer 
and the future artisan may sojourn to- 
gether for awhile, and carry, through all 
their lives, the stamp of the influences then 
brought to bear upon them. Hence, it is 
not beside the mark to remind you, that 
the prosperity of industry depends not 
merely upon the improvement of manu- 
facturing processes, not merely upon the 
ennobhng of the individual character, but 
upon a third condition, namely, a clear 
understanding of the conditions of social 
life on the part of both the capitalist and 
the operative, and their agreement upon 
common principles of social action. They 
must learn that social phenomena are as 
much the expression of natural laws as 
any others ; that no social arrangements 
can be permanent unless they harmonize 
with the requirements of social statics and 
dynamics ; and that, in the nature of 
things, there is an arbiter whose decisions 
execute themselves. 

But this knowledge is only to be ob- 
tained by the application of the methods 
of investigation adopted in physical 
searches to the investigation of the pht 
nomena of society. Hence. 1 confess, 
should like to see one addition made 
the excellent scheme of education pro*, 
poimded for the College, in the shape of 
provision for the teaching o£ Sociology. 
For though we are all agreed that party 
politics are to have no place in the instruc- 
tion of the College ; yet in this country, 
practically governed as it is now by uni- 
versal suffrage, every man who 'does his 
duty must exercise political functions. 
And, if the evils which are inseparable 
from the good of political liberty are to be 
checked, if the perpetual oscillation of na- 
tions between anarchy and despotism is 
to be replaced by the steady march of seJf- 
restrainmg freedom ; it will be because 
men Mill gradually bring themselves to 
deal with poliiicat.'as they now deal with 
scientific questions ; to be as ashamed of 
' undue haste and partisan prejudice in the 
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one case as in the oliier : and to believe 
that the niachineiy of society is at least 
as delit';iLe as that of a spinning-jenny, 
and as little likely to be improved by the 
meddling of those who have not taken the 
trouble to master the principles of its ac- 

In conclusion, 1 am sure that I make 
myself the mouthpiece of all present in 
offering to the venerable founder of the 
Institution, which now commences its be- 
neficent career, our congratulations on 
the completion of his work ; and in ex- 
pressing the conviction, that the remotest 
posterity will point to it as a crucial in- 
stance of the wisdom which natural piety 
leads all men to ascribe to their ances- 



111. 

IN ELEMENTARY INSTRUCTION IN 



The chief ground upon which I venture 
to recommend that the teaching of ele- 
mentary physiology should form an essen- 
tial part of any organized course of in- 
struction in matters pertaining todomestic 
economy, is, that a knowledge of even the 
elements of this subject supplies those 
conceptions of the constitution and mode 
of action of the living body, and of the 
nature o( health and disease, which pre- 
pare the mind to receive instruction from 
sanitary science. 

It is, I think, eminently desirable that 
the hygienist and the physician should 
find something in the public mind to which 
they can appeal ; some little stock of uni- 
versally acknowledged truths, which may 
serve as a foundation for their warnings, 
and predispose toward an intelligent obe- 
dience to their recommendations. 

Listening to ordinary talk about health, 
disease, and death, one is often led to en- 
tertain a doubt whether the speakers be- 
lieve that the course of natural causation 
runs as smoothly in the human body as 
elsewhere. Indications are too often ob- 
vious of a strong, though perhaps an un- 
avowed and half unconscious, undercur- 
rent of opinion that the phenomena of life 
are not only widely different, in their 
perficial characters and in their practical 
importance, from other natural events, but 
that they do not follow in that definite 
order which characterizes the succcssi— 
of all other occurrences, and the sta 
of which we call a law of nature. 



Hence. 1 think, arises the want of hea 
of belief in the value of knowledp 
respecting the laws of health and disease, 
and of the foresight and care to which 
knowledge is the essential preliminary, 
which is so often noticeable : and a cor- 
responding laxity and carelessness in prac- 
tice, the results of which are too frequently 
lamentable. 

s said that among the many religious 
oi Russia, there is one which holds 
that all disease is brought about by the di- 
— and special interference of the Deity, 
which, therefore, looks with repug- 
nance, upon both preventive and curative 
measures as alike blasphemous interfer- 
ences with the will of God. Among our- 
selves, the " Peculiar People " are, I be- 
lieve, the only persons who hold the like 
doctrine in its integrity, and carry it out 
with logical rigor. But many of us are 
igh to recollect that the adminis- 
if chloroform in assuagement of 
the pangs of childbirth was, at its intro- 
duction, strenuously resisted upon similar 
grounds. ' 

I am not sure that the feeling, of which 
the. doctrine to which I have referred is 
the full expression, does not lie at the bot- 
tom_ of the minds of a great many people 
who yet would vigorously object to give 
a verbal assent to the doctrine itself. 
However this may be, the main point is 
that sufficient knowledge has now been 
:quired of vita! phenomena, to justify the 
isertion, that the notion, that there is 
anything exceptional about these phenom- 
ena, receives not a particle of support from 
any known fact. On the contrary, there 
is a vast and an increasing mass of evi- 
dence that birth and death, health and 
disease, are as tnuch parts of the ordinary 
:nts as the rising and setting 
of the sun, or the changes of the moon ; 
and that the living body is a mechanism, 
the proper working ot which we term 
health ; its disturbance, disease ; its stop- 
page, death. 

The activity of this mechanism is de- 
pendent upon many and complicated con- 
ditions, some of which are hopelessly be- 
yond our control, while others are readily 
accessible, and are capable of being in- 
definitely modified by our own actions. 
The business of the hygienist and of the 
physician is to know the range of these 
modifiable conditions, and how to influ- 
ence them toward the maintenance of 
health and the prolongation of life ; the 
■ less of the general public is to give 
)telligent assent, and a ready obedi- 
based upon that assent, to the rules 
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laid down for their guidance by such ex- 
perts. But an intelligent assent Ls an as- 
sent based upon knowledge, and the knowl- 
edge which IS here in question means an 
acquaintance with the elements of physi- 
ology. 

It is not difiiciilt to acquire Buch knowl- 
edge. What is true, to a certain extent, 
of all the fihysicai sciences, is eminently 
characteristic of physiology — the difficulty 
of the subject begins beyond the stage of 
elementary knowledge, and increases with 
every stage of progress. While the most 
hieiily trained ancf the best furnished in- 
tellect may find all its resources insuffi- 
cient, when it strives to reach the heights 
and penetrate into the depths of the prob- 
lems of physiologj', the elementary and 
fundamental trulha can be made clear to 
a child. 

No one can have any difficulty in com- 
prehending the mechanism of circulation 
or respiration ; or the genera! mode of 
operation of the organ of vision ; though 
the unraveling of all the minutia; of these 
processes, may, for the present, baffle the 
conjoinpd attacks of the most accom- 
plished physicists, chemists, and mathema- 
ticians. To know the anatomy of the 
human body, with even an approximation 
lo thoroughness, is the work of a life ; 
but as much as is needed for a sound 
comprehension of elementary physiologi- 
cal truths, may be learned in a week. 

A knowledge of the elements of physiol- 
ogy is not only easy of acquirement, but 
it may be made a real and practical ac- 
quaintance with the facts, as far as it 
goes. The subject of study is always at 
Hand, in oneself. The principal constit- 
uents of the skeleton, and the changes 
of form of contracting muscles, may be 
felt through one's own skin. The beat- 
ing of one's heart, and its connection with 
the pulse, may be noted ; the influence of 
the valves of one's own veins may be 
shown ; the movements of respiration may 
be observed ; while the wonderful phe- 
nomena of sensation afford an endless 
field for curious and interesting self-study. 
The prick of a needle will yield, in a drop 
of one's own blood, materia! for micro- 
scopic observation of phenomena which 
lie at the foundation of all biological con- 
ceptions ; and a cold, with its concomi- 
tant coughing and sneezing, may prove 
the sweet uses of adversity by helping one 
to a clear conception of what is meant 
by " rrllex action." 

Of course there is a limit to this physio- 
logical self-examination. But thtre :s bo 
close a solidarity between ourselves and 
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our poor relations of the animal 
that our inaccessible inward parts 
supplemented by theirs. A comparative 
anatomist knows that a sheep's heart and 
lungs, or eye, must not be confounded with 
those of a man ; but, so far as the com- 
prehension of the elementary tacts of the 
physiolo^ of circulation, of respiration, 
and of vision goes, the one furnishes the 
needful anatomical data as well as the 

Thus, it is quite possible to give instruc- 
tion in elementary physiology in such a 
manner as, not only to confer Itnow ledge, 
whicli, for the reason I have mentioned, 
is useful in itself ; but to serve the pur- 
poses of a training in accurate observa- 
tion, and in the methods of reasoning of 
physical science. But that is an advan- 
tage which I mention only incidentally, as 
the present Conference does not deal 
with education in the ordinary sense of 

It will not be suspected that 1 wish to 
make [fhysiologists of all the world. It 
would be as reasonable to accuse an ad- 
vocate of the "three R's" of* a desire to 
make an orator, an author, and a mathe- 
matician of everybody. A stumbling 
reader, a pot-hook writer, and an arithme- 
tician who has not got beyond the rule 
of three, is rot a person of brilliant ac- 
quirements ; but the difference tietwecn 
such a member of society and one who 
can neither read, write, nor cipher is al- 
most inexpressible ; and no one now-a- 
days doubts the value of instruction, even 
if it goes no farther. 

The saying that a little knowledge is a 
dangerous thing is, to my mind, a very 
dangerous adage. If knowledge is real 
and genuine. I do not believe that it is 
other than a very valuable possession, 
however infinitesimal its quantity maybe. 
Indeed, if a little knowledge is danger- 
ous, wliere is the man who has so much 
as to be out of danger ? 

If William Harvey's life-long labors 
had revealed to him a tenth part of that 
whichmay be made sound ana real knowl- 
edge to our boys and girls, he would not 
only have been what iie was. the great- 
est physiologist of his age, but he would 
have loomed upon the seventeenth cent- 
ury as a sort of intellectual portent. 
Our ■■ httle knowledge " would have been 
to him a great, astounding, unlooked-for 
vision of scientific truth. 

I really see no harm which can come of 
giving our children a little knowledge of 
physiology. But then, as I have said, the 
.: ^^ [jg j.g^[^ based upon ob- 



servaiion, eked out by good explanatory 
diagrams and models, and conveyed by a 
teacher whose own knowledge has been 
f acquired by a study of ihc (acts; and 
not the mere cateehismal parrot-work 
which loo often usurps the place a( ele- 
mentary teaching. 

It is. 1 hope, unnecessary [or me to give 
a formal contradiction to the silly liction, 
which is assiduously circulated by fanat- 
ics who not only ought to know, but do 
^now, that their assertions are untrue, 
that 1 have advocated the introduction of 
that experimental discipline which is ab- 
Eiolutely indispensable to the professed 
physiologist, into elementary teaching. 

But while 1 should object to any e>^ri- 
raentation which can justly be called pain- 
ful, for the purpose of elementary instruc- 
tion ; and, while, as a member of a late 
Royal Commission, I gladly did my best 
to prevent the inliiction of needless pain, 
for any purpose ; I think it is my duty to 
take this opportunity of expressing my 
regret at a condition of the la* which 
permits a boy to troll for pike, or set lines 
with live frog bait, for idle amusement ; 
and, at the same time, lays the teacher of 
that boy open to the penalty of fine and 
imprisonment, if he uses the same animal 
for the purpose of exhibiting one of the 
most beautiful and instructive of physio- 
logical spectacles, the circulation in the 
web of the foot. No one could undertake 
to affirm that a frog is i 
by being wrapped up 
having his toes tied oui 
denied that inconvenier 
But you must not inflic 
a vertebrated animai for scientific pur- 
poses (though you may do a good deal 
in that way for gain or for sport) without 
due license of the Secretary of State for 
the Home Department, granted under 
the authority of the Vivisection Act. 

So it comes about, that, in this present 
year of grace 1877, two persons maybe 
charged with cruelty to animals. One 
has impaled a frog, and suffered the 
creature to writhe about in that condition 
for hours ; the other has pained the ani- 
mal no more than one of us would be 
pained by tying strings round his fingers 
and keeping him in the position of a hy- 
dropathic patient. The first offender 
says, " I did it because I find fishing very 
amusing." and the magistrate bids him 
depart in peace : nay, probably wnshes 
him good sport. The second pleads, " I 
wanted to impress a scientific truth, with 
a distinctness attainable in no other way. 
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1 cannot but think that this Is an 
alous and not wholly creditable s 



ON THE BORDER TERRITORY BRTWEEN 
THE ANIMAL AND THE VEGETABLE 
KINGDOMS.* 

In the whole history of science there is 
nothing more remarkable than the rapid- 
ity of the growth of biological knowledge 
within the last half-century, and the ex- 
lent of the modification which has there- 
by been effected in some of the funda- 
mental conceptions of the naturalist. 

In the second edition of the •■ RSgne 
Animal," published in 1828, Cuvier de- 
votes a special section to the " Division 
of Organized Beings into Animals and 
Vegetables," in which the question is 
treated with that comprehensiveness of 
knowledge and clear critical judgment 
which characterize his writings, and jus- 
tify us in regarding them as representative 
expressions of the most extensive, if not 
the profoundest, knowledge of his time. 
He tells us that living beings have been 
subdivided from the earliest times intu 
animated beinga, which possess sense and 
motion, and inaniTnated beings, which 
are devoid of these functions, and simply 
vegetate. 

Although the roots of plants direct 
themselves toward moisture, and their 
leaves toward air and light, — although 
the parts of some plants exhibit oscillat- 
ing movements without any perceptible 
cause, and the leaves of others retract 
when touched, — yet na-nn of these move- 
ments justify the ascription to plants of 
perception or of will. From the mobility 
of animals, Cuvier, with his characteristic 
jjartiality for teleological reasoning, de- 
duces the necessity of the existence in 
them of an alimentary cavity, or reservoir 
of food, whence their nutrition may be 
drawn by the \'essels which are a son 
of internal roots ; and, in the presence 
of this alimentary cavity, he naturally 
sees the primary and the most important 
distinction between animals and plants 

Following out his teleological at^u- 
ment. Cuvier remarks that the organiza- 
tion of this cavity anci its appurtenances 
must needs vary according to the naturt 
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of the aliment, and the operations which 
it has to undergo, before it can be con- 
verted into substances fitted for absorp- 
tion ; wliile the atmosphere and the earth 
supply plants with juices ready prepared, 
and which can be absorbed immediately. 
As the.aoimal body required to be inde- 
pendent of heat and of the atmosphere, 
there were no means by which the motion 
of its fluids could be produced by internal 
causes. Hence arose the second great 
r distinctive character of animals, or the 

circulatory system, which is less import- 
ant than the digestive, since it was un- 
necessary, and therefore is absent, in the 
more simple animals. 

Animals further needed muscles for 
locomotion and nerves for sensibility. 
Hence, says Cuvier, it was necessary that 
the chemical composition of the animal 
body should be more complicated Chan 
that of the plant ; and it is so, inasmuch 
as an additional substance, nitrogen, 
enters into it as an essential element ; 
while, ill plants, nitrogen is only accident- 
ally joined with the three other funda- 
mental constituents of organic beings- 
carbon, hydrogen, and oxygen. Indeed, 
he afterward affirms that nitrogen is 
peculiar to animals ; and herein he places 
ihe ihird distinction between the animal 
and the plant. The soil and the atmos- 
phere supply plants with water, composed 
of hydrogen and oxygen ; air, consisting 
of nitrogen and oxygen ; and carbonic 
acid, containing carbon and oxygen. 
They retain the hydrogen and the carbon, 
exhale the superfluous oxygen, and absorb 
little or no nitrogen. The essential char- 
acter of vegetable life is the exhalation of 
oxygen, which is effected through the 
agency of light. Animals, on the con- 
trary, derive their nourishment either 
directly or indirectly from plants. They 
get rid of the superfiuous hydrogen and 
carbon, and accumulate nitrogen. The 
relations of plants and animals to the 
atmosphere are therefore inverse. The 
plant withdraws water and carbonic acid 
from the atmosphere, the anima! contrib- 
utes both to it. Respiration— that is, the 
absorption of ox^en and the exhalation 
of carbonic acid — is the specially animal 
function of animals, and constitutes their 
fourth distinctive character. 

Thus wrote Cuvier in 1828. But, in 
the fourth and fifth decades of this cent- 
ury, the ^eatest and most rapid revolu- 
tion which biological science has evei 
undergone was effected by the applicatior 
of the modern microscope to the investi- 
gation of organic structure ; by the intro. 




duction of exact and easily manageable 
methods of conducting the chemical analy- 
sis of organic compounds; and finally, 
by the employment of instruments of 
precision for the measurement of the 
phj'sical forces which are at work in the 
living economy. 
That the semi-fiuid contents (which wc 
)w term protoplasm) of the cells of cer- 
tain plants, such as the Cham, are in 
stant and regular motion, was made 
by Honaventura Corti a century ago ; 
but the fact, important as it was, fell into 
oblivion, and had to be re-discovered by 
Treviranus in 1 807. Robert Brown noted 
the more complex motions of the proto- 
plasm in the cells of TraeUscantia in 
iBji ; and now such movements of the 
living substance of plants are well known 
to be some of the most widely-prevalent 
phenomena of vegetable life. 

Agardh, and other of the botanists oi 
Cuvier 's generation, who occupied them- 
selves with the lower plants, h^ observed 
that, under particular circumstances, the 

weeds were set free, and moved about 
with considerable velocity, and with all 
the appearances of spontaneity, as loco- 
motive bodies, which, from their similar- 
ity to animals of simple organization, 
were called " zoospores." Even as late 
as T 845, however, a botanist of Schleiden's 
eminence dealt very sceptically with these 
statements ; and His scepticism was the 
more justified, since Ehrenberg, in his 
elaborate and comprehensive work on the 
Infusoria, had declared the greater num- 
ber of what arc now recognized as loco- 

otive plants to be animals. 

At the present day, innumerable plants 
and free plant cells are known to pass the 
whole or part of their lives in an actively 
locomotive condition, in no wise distin- 
guishable from that of one of the simpler 
animals ; and, while in this condition, 
their movements are, to all appearance, 
aa spontaneous — as much the product of 
volition — as those of such animals. 

Hence the teleological argument for 
Cuvier's first diagnostic character — the 
presence in animals of an alimentary cav- 
ity, or internal pocket, in which they can 
carry about their nutriment— has broken 
down, so far, at least, as his mode of 
stating it goes. And. with the advance 
of microscopic anatomy, the universality 
of the fact itself among animals has 
ceased to be predicable. Many animals 
of even complex structure, which live 
parasitically within others, are wholly de- 
void of an alimentary cavity. Their food 



i 



S8 imi 



AtfTOiWATISM. 



is provided for them, not only ready I 
cooked, but ready digested, and the ali- 
mentary canal, become superfluous, has 
disappeared. Again, the males of most 
Rotifers have no dig;estive apparatus ; as 
ii German naturalist has remarked, tbey 
devote themselves entirely to the " Min- 
nedienst," and are to fae reckoned among 
the few realizations of the Byronic ideal 
of a lover. Finally, amidst the lowest 
forms of animal life, the speck of gelati- 
nous protoplasm, which constitutes the 
whole body, has no permanent digestive 
cavity or mouth, but takes in its food 
anywhere : and digests, so to speak, all 
over its body. 

But although Cuvier's leading diagno- 
sis of the animal from the plant will not 
stand a strict test, it remains one of the 
most constant of the distinctive characters 
of animals. And, if we substitute for the 
possession of an alimentary cavity, the 
power of taking solid nutriment into the 
body and their digesting it, the definition 
so changed will cover all animals, except 
certain parasites, and the few and excep- 
tional cases of non-parasitic animals which 
do not feed at all. On the other hand, 
tlie (]efmition thus amended will exclude 
all ordinary vegetable organisms. 

Cuvicr himself practically gives up his 
second distinctive mark when he admits 
that it is wanting in the simpler animals. 

The third distinction is based on a 
completely erroneous conception of the 
chemical rfifferences and resemblances 
between the constituents of animal and 
vegetable organisms, for which Cuvier is 
not responsible, as it was current among 
contemporary chemists. It is now es- 
tablished that nitrogen is as essential a 
constituent of vegetable as of animal liv- 
ing matter ; and that the latter is, chem- 
ically speaking, just as complicated as the 
former. Starchysubstances, cellulose and 
sugar, once supposed to be exclusively 
cooftned to plants, are now known lo be 
regular and normal products of animals. 
Amylaceous and saccharine substances 
are largely manufactured, even by the 
highest anmials ; cellulose is widespread 
as a constituent of the skeletons of the 
lower animals ; and it is probable that 
amyloid substances are universally present 
in the animal organism, though not in the 
precise form of starch. 

Moreover, although it remains true that 
there is an inverse relation between the 
green plant in sunshine and the animal, 
in so far as. under these circumslai 
the green plant decomposes carbonic 
and exhales oxygen, while the animal 



absorbs oxygen and exhales carbonic add ; 
yet, the exact investigations of the mod- 
ern chemical investigators of the physio- 
logical processes of plants have clearly 
demonstrated the fallacy of attempting to 
draw any general distinction between ani- 
mals and vegetables on this ground. In 
fact, the difference vanishes with the aun- 
ihine. even in the case of the green plant : 
which, in the dark, absorbs oxygen and 
gives ont carbonic acid like any axU- 
mat.* On the other hand, those plaril" 
such as the fungi, which contain no ch' 
rophyll and are not green, are always, 
3 respiration is concerned, in i 
position of animals. They absorb 
oxygen and give out carbonic acid. 

Thus, by the progress of knowlertge', 
jvier's fourth distinction between the 
animal and the plant has been as com- 
pletely invalidated as the third and second ; 
id even the first can be retained only in 
modified form and subject to e>L-cepcions, 
But has the advance of biolog)' simply 
tended to break down old distinctions, 
ithout establishing new ones? 
With a qualification, to be considered 
presently, the answer to this question is 
undoubtedly tn the affirmative. The fa- 
researches of Schwann and Schlei- 
n 1837 and the followinff years, 
founded the modern science of histology, 
that branch of anatomy which deals 
with the ultimate visible structure of or- 
ganisms, as revealed by the microscope ; 
and, from that day to this, the rapid im- 
provement of methods of investigation, 
and the energy of a host of accurate ob- 
have given greater and greater 
breadth and firmness to Schw;m's great 
generalization, that a fundamental unity 
of structure obtains in animals and 
plants ; and that, however diverse may 
be the fabrics, or tissues, of which their 
bodies are composed, all these varied 
structures result from the metamorphosis 
of morphological units (termed ce(fs, in a 
more genera! sense than that in which the 
word ■■ cells " was at first employed), 
which are not only similar in animals and 
in plants respectively, J)ut present a close 
resemblance, when those of animals and 
those of plants are compared together. 

The contractility which is the funda- 
mental condition 
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only been discovered to exist far more 
widely among plants than was formerly 
imagined ; but, in plants, the act ot con- 
traction has been found to be accompa- 
nied, as Dr. Burden Sanderson's interest- 
ing investigations have shown, by a dis- 
turbance of the electrical state of the 
contractile substance, comparable to that 
which was found by Du Bois Reymond 
to be a concomitant of the activity of or- 
dinary muscle in animals, 

AjE^ain, I know of no test by which the 
reaction of the leaves of the Sundew and 
of other plants lo stimuli, so fully and 
carefull)r studied by Mr. Uarwin. can be 
distinguished from those acts of contrac- 
tion following upon stimuli, which are 
Called "refiex" in animals. 

On each lobe of the bilobed leaf ot Ve- 
nus 's fly trap {Dionaa tnusctpula) are 
three delicate filaments which stand out 
at right angle from the surface of the 
leaf. Touch one of them with the end of 
a Rnc human hair and the lobes of the 
leaf instantly close together* in virtue of 
an act of contraction of part of their sub- 
stance, just as the body of a snail con- 
tracts into its shell when one of its 
" horns " is irritated. 

Tile reflex action of the snail is the re- 
sult of the presence of a nervous system 
in the animal. A molecular change takes 
place In the nerve of the tentacle, is prop- 
agated to the muscles by which the 
body is retracted, and causing them to 
contract, the act of ratraction is brought 
about. Of course the similarity of the 
acts does not necessarily involve the con- 
clusion that the mechanism by which ihey 
are effected is the same ; but it suggests 
a suspicion of their identity which needs 
careful testing. 

The results of recent inquiries into the 
structure of the nervous system of ani- 
mals converge toward the conclusion 
that the nerve libers, which we have 
hitherto regarded as ultimate elements of 
nervous tissue, are not such, but are 
simply the visible aggregations of vastly 
more attenuated filaments, the diameter 
of which dwindles down to the limits of 
our present microscopic vision, greatly as 
these have been extended by modern im- 
provements ot the microscope ; and that 
a nerve is, in its essence, nothing but a 
linear tract of specially modified proto- 
plasm between two points of an organ- 
ism—one of which is able to affect the 
other by means of the communication so 
established. Hence, it is conceivable that 

• Darw[n, " Imeciivorous Planlt," p. ,3ij. 



system. And the question 
whether plants are provided with a nerv- 
ous system or not, thus acquires a new 
aspect, and presents the hisiologist and 
physiologist with a problem of extreme 
difficulty, which must be attacked from a 
new point of view and by the aid of 
methods which have yet to be invented. 

Thus it must be admitted that plants 
may be contractile and locomotive ; thai, 
while locomotive, their movements may 
have as much appearance of spontaneity 
as those ot the lowest animals : and that 
many exhibit actions, comparable lo those 
which are brought about by the agency 
of a nervous system in animals. And n 
must be allowed lo be possible tliat fur- 
ther research may reveal the existence of 
something comparable to a nervous sys- 
tem in plants. So that I know not where 
we can hope to find any absolute dis- 
tinction between animals and plants, un- 
less we return to their mode of nutrition, 
and inquire whether certain differences 
ot a more occult character than those im- 
agined to exist by Cuvier, and which hold 
good for the vast majority of animals 
and plants, are of universal application. 

A bean may be supplied with water in 
which salts of ammonia and certain other 
mineral salts are dissolved in due propor- 
tion : with atmospheric air containing its 
ordinary minute dose of carbonic acid ; 
and with nothing else but sunlight and 
heat. Under these circumstances, un- 
natural as they are, with proper manage- 
ment, the bean will thrust forth its radi- 
cle and its plumule; the former will grow 
down into roots, the latter grow up into 
the stem and leaves, of a vigorous bean 
plant: and this plant will, in due time, 
flower and produce its crop ot beans, just 
as if it were grown in the garden or in 
the field. 

The weight of the nitrogenous protein 
compounds, of the oily, starchy, saccha- 
rine and woody substances contained in 
the full-grown plant and its seeds, will be 
vastly greater than the weiglit of the 
same substances contained in the bean 
from which it sprang. Hut nothing has 
been supplied to the bean save water, 
carbonic acid, ammonia, potash, lime, 
iron, and the like, in combination with 
phosphoric, sulphuric, and other acids. 
Neither protein, nor fat, nor starch, nrr 
sugar, nor any substance in the slightest 
degree resembling them, has formed part 
of the food ot the bean. But the weights 
of the carbon, hydrogen, oxygen, nitro- 
gen, phosphorus, sulphur, and' other elc- 
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mentary bodies contained in the bean- 
plant, and in the seeds which it produces, 
are exactly equivalent lo the weights of 
the same elements which have disappeared 
from the materials supplied to the bean 
during its growth, whence it follows 
that the bean has taken in only the raw 
materials of its fabric, and has manufact- 
ured them into bean stuffs. 

The bean has been able to perform 
this great chemical feat by the help of its 
ereen coloring matter, or chlorophvll ; 
for it is only the green parts of the plant 
which, under the influence of sunlight, 
have the marvelous power of decompos- 
ing carbonic acid, setting free the oxygen 
and laying hold of the carbon which it 
contains. In fact, the bean obtains two 
of the absolutely indispensable elements 
of its substance from two distinct sources : 
the watery solution, in which its roots are 
plunged, containsnitrogeo but no carbon; 
the air, to which the leaves are exposed, 
contains carbon, but its tiitrogen is in the 
state of a free gas, in which condition the 
bean can make no use of it ; **" and the 
chlorophyll + is the apparatus by which 
the carbon is extracted from the atmos- 
pheric carbonic acid —the leaves being the 
chief laboratories in which this operation 
i@ effected. 

The great majority of conspicuous 
plants arc, as everybody knows, green ; 
and this arises from the abundance of 
their chlorophyll. The few which contain 
no chlorophyll and are colorless, are un- 
able to extract the carbon which they re- 
quire from atmospheric carbonic acid, and 
lead a parasitic existence upon other 
plants ; but it by no means follow.i, often 
as the statement has been repeated, that 
the manufacturing power of plants di 
pendson their chlorophyll, and its intei 
action with the rays of the sun. On the 
contrary, it is easily demonstrated, 
Pasteur first proved, that the lowest fungi, 
devoid of chlorophyll, or of any substitute 
for it, as they are, nevertheless possess 
tke characteristic manufacturing powers 
of plants in a very high degree. Only it 
is necessary that they should be suppr""" 
with a different kind of raw material; 
they cannot extract carbon from carbonic 
acid, they must be furnished with si 
ihing else that contains carbon. Tartaric 
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acid is such a substance ; and if a sinel^ 
spore of the commonest and most trouble- 
some of molds— fenia'/Uum—bc sown 
in a saucerfu! of water, in which tartrate 
of ammonia, with a small percentage of 
phosphates and sulphates js contained, 
and kept warm whether in the dark or ex- 
posed to light, it will, in a short time, give 
-■-" 'a a thick crust of mold, which con- 
many million times the weight of the 
nal spore, in protein compounds and 
cellulose. Thus we have a very wide ba- 
of fact for the generali/ation that 
plants are essentially characterized by their 
manufacturing capacity — by their power 
of working up mere mSnerEJ matters into 
complex organic compounds. 

Contrariwise, there is a no less wide 
foundation for the generalisation that 
animals, as Cuvierputs it, depend directly 
or indirectly upon plant! ' ' 
of their bodies ; that u 
herbivorous, or they e. 
hich are herbivorous. 
But for what c 
:s are animals thus dependent upon 
plants? Certainly not for their homy 
matter ; nor for chondrin. the proximate 
chemical element of cartilage: nor for 
gelatine ; nor for syntonin, the constit- 
' muscle ; nor for their nervous or 
biliary substances ; nor for their amyloid 
i ; nor, necessarily, for their fats. 
n be e .... 

selves. But that which they cannot make, 
but must, in all known cases, obtain di- 
rectly or indirectly from plants, is the 
peculiar nitroj^enous matter, protein. 
Thus the plant is the ideal prolitaire of 
the living world, the worker who pro- 
duces ; the animal, the ideal aristocrat, 
who mostly occupies himself in consum- 
ing, after the manner of that noble rep- 
resentative of the hne of Zahdarm, whose 
epitaph is written in Sartor Resartus. 

Here is our last hope of finding a sharp 
line of demarkation between plants and 
animals ; for, as I have already hinted, 
there is a border territory between the two 
kingdoms, a sort of no-man's- 1 and, the 
inhabitants of which certainly cannot be 
discriminated and brought to their proper 
allegiances in any other way. 

Some months ago, Professor Tyndall 
asked me to examine a drop of infusion 
of hay, placed under an excellent and 
powerful microscope, and to tell him 
what I thought some organisms visible in 
it were. 1 looked and observed, in the 
first place, multitudes of Bacteria mov- 
ing about with their ordinary intermittent 
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spasmodic wriggles. As to the vegeta- 
ble nature of these there is now no doubt. 
Not only dues the close resemblance of 
the Bacteria to unquestionable plants, 
such as the Oscillatoriiz, and lower forms 
of Fungi, justify this conclusion, but the 
manufacturing test settles the question at 
once. It is only needful to add a minute 
drop of fluid containing Bacteria, to 
water in which tartrate, phosphate, and 
sulphateofammoniaaredissolued;and, in 
a very short space of time, the clear fluid 
becomes milky by reason of their prodig;- 
ious multiplication, which, of course, im- 
plies the manufacture ofliving Bacterium- 
stuff out of these merely saline matters. 

But other active organisms, very much 
larger than the Bacteria, attaining in 
fact the comparatively gigantic dimen- 
sions of one-three thousandths of an inch 
or more, incessantly crossed the field of 
view. Each of these had a body shaped 
like a pear, the small end being slightly 
incurved and produced into a long curved 
filament, or cilium, of extreme tenuity. 
Behind this, from the concave side of 
the incurvation, proceeded another long 
cilium. so delicate as to be discernible 
only by the use of the highest powers and 
careful management of the light. In the 
center of the pear-shaped body a clear 
round space could occasionally be dis- 
cerned, but not al*ays ; and careful 
watching showed that this clear vacuity 
appeared gradually, and then shut up and 
disappeared suddenly, at regular intervals. 
Such a structure is of common occurrence 
among the lowest plants and animals, 
and is known as a contractile vacuole. 

The little creature thus described some- 
times propelled itself with great activity, 
with a curious rolling. motion, bv the lash- 
ing of tiie front cilium, while the second 
cilium trailed behind ; sometimes it an- 
chored itself by the hinder cilium and was 
spun round by the working of the other. 
Its motions resembling those of an anchor 
buoy in a heavv sea. Sometimes, whi 
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Other, each would appear dexterously to 
get out of the other's way ; sometimes a 
crowd would assemble and jostle one an- 
other, with as much .semblance of indi- 
vidual effort as a spectator on the Grands 
Mulcts might observe with a telescope 
among the specks representing men in the 
valley of Chamounix. 

The .spectacle, though always surpris- 
ing, was not new to me. So my reply to 
the question put to me was, that these 
organisms were what biologists call Mo- 
nads, and though they might be animals. 



it was also possible that they might, like 
the Bacteria, be plants. My friend re- 
ceived my verdict with an expression 
which showed a sad want of respect for 
authority. He would as soon believe that 
a sheep was a plant. Naturally piqued 
by this want of faith, 1 have thought a 
good deal over the matter; and as I still 
rest in the lame conclusion 1 originally 
expressed, and must even now confess 
that I cannot certainly say whether this 
creature is an animal or a plant, I think it 
may be well to state the grounds of my 
hesitation at length. But In the first 
place, in order that I may conveniently 
distinguish this " Monad " from the mul- 
titude of other things which go by the 
same designation, 1 must give it a name 
of its own. 1 think (though for reasons 
which need not be slated at present. I am 
not quite sure) that it is identical with the 
species Monas lens, as defined by the 
eminent French microscopist Dujardin, 
though his magnifying power was proba- 
bly insufficient to enable him to see that it 
is curiously like a much larger form of 
monad which he has named Heteromita, 
I shall, therefore, call it not Monas, but 
Heteromita lens. 

I have been unable to devote to my 
Heteromita the prolonged study needful 
to work out its whole history, which would 
involve weeks, or it may be months, of 
unremitting attention. But I the less re- 
gret this circumstance, as some remark- 
able observations recently published by 
Messrs. Dallinger and Urysdale* oncer- 
tain Monads, relate, in part, to a form so 
similar to my Heteromita lens, that the his- 
tory of the one may be used to illustrate 
that of the other. These most patient and 
painstaking observers, wlio employed the 
highest ait.'iinable powers of the micro- 
scope and, relieving one another, kept 
watch day and night over the same indi- 
vidual monads, have been enabled to trace 
out the whole history of their Heteromita ,- 
which they found in infusions of the heads 
of fishes of the Cod tribe. 

Of the four monads described and 6g- 
ured by these investigators, one, as 1 have 
said, very closely resembles Heteromita 
lens in every particular, Mtcept that it has 
a separately distinguishable central par- 
ticle or " nucleus," whidi is not certainly 
to be made out in Heteromita lens ; and 
that nothing is said by Messrs. Dallinger 
and Drysdale of the existence of a con- 
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tractile vacuole in this monad, though 1 
they describe it iri another. ' 

Their HAeramita, however, multiplied 
rapidly by fission. Sometimes a trans- 
verse constriction appeared , the hinder 
half developed a Dew dlium, and the 
binder cilium gradually split froni its base 
to Its tree end. until it was divided into 
two : a process which, considering the 
fact tliat this line filament cannot be mucli 
more than one-one hundred thousandthsof 
an inch In diameter, is wonderful enough. 
The constriction of the body extended in- 
ward until the two portions were united 
by a narrow isthmus ; finally, tliey sepa- 
rated and each swam away by itself, a 
complete Heleromita. provided with its 
two cilia. Sometimes the constriction 
took a longitudinal direction, with the 
same ultimate result. In each case the 
process occupied not more than six or 
seven minutes. At this rate, a single 
ffeteramila would give rise to a thousand 
like itself in the course of an liour, to 
about a million in two hours, and to a 
number greater than the generally as- 
sumed number of human beings now liv- 
ing in the world in three hours : or, if we 
give each Hi/erotnila an hour's enjoy- 
Sent of individual existence, the same re- 
sult will be obtained in about a day. 
The apparent suddenness of the appear- 
ance of multitudes of such organisms as 
these, in any nutritive fluid to which one 
obtains access, is thus easily explained. 

During these processes of multiplica- 
tion by fission, the Heleromita remains 
active ; but sometimes another mode of 
fission occurs. The body becomes round- 
ed and quiescent, or nearly so ; and. while 
in this resting state, divides into two por- 
tions, each of which is rapidly converted 
into an active Heleromita. 

A still more remarkable phenomenon is 
that kind of multiplication which is pre- 
ceded by the union of two monads, by a 
process which is termed conjugation. 
Two active Hcteromitte become applied 
to one another, and then slowly and 
gradually coalesce into one body. The 
two nuclei run into one; and the mass 
resulting from the conjugation of the two 
Heteromita. thus fused together, has a 
triangular form. The two pairs of cilia 
are to be seen, for some time, at two of 
the angles, which answer to the small ends 
of the conjoined monads ; but they ulti- 
mately vanish, and the twin organism, in 
which all visible traces of organization 
have disappeared, falls into a stale of rest. 
Sudden wave-like movements of its sut)- 
stance next occur; and, in a short time. 




the apices of the triangular mass buill 
and give exit to a dense yellowish, j " '" 
Huid, filled with minute granules, 
process, which. It will be obsen'ed, i 
volves the actual confluence z 
of the substance of twc 

. is effected in the space of about tw»<il 

The authors whom 1 quote say that 
they " cannot express '* the excessive mi- 
of the granules in queslion. and 
they estimate their diameter at less than 
one-two hundred thousandths of an inch. 
Under the highest powers of the micro- 
scope at present applicable such specks 
hardly discernible. Nevertheless, par- 
es of this size are massive when com- 
pared to physical molecules ; whence 
there is no reason to doubt that each, 
small as it is, may have a molecular strucl- 
sufRciently complex to give rise to the 
phenomena of life. And, as a matter o( 
fact, by patient watching of the place at 
which these infinitesimal living particles 
discharged, our' observers assured 
themselves of their growth and develop- 
ment into new monads. These, in about 
four hours from their being set free, had 
attained a sixth of the length of the 
parent, with the characteristic cilia, though 
at first they were quite motionless ; and. 
in four hours more, they had attained the 
dimensions and exhibited all the activity 
of the adult. These inconceivably minute 
particles are therefore the germs of the 
Heleromila ,- and from the dimensions of 
these germs it is easily shown that the 
body formed by conjugation may, at a low 
estimate, have given exit to thirty thou- 
sand of them; a result of a matnmonial 
process whereby the contracting parties, 
without a metaphor. ■' become one flesh," 
enough to make a Malthusian despair of 
the future of the Universe. 

1 am not aware that the investigators 
from whom I have borrowed this history 
have endeavored to ascertain whether 
their monads take solid nutrimentor not ; 
so that though they help us very much to 
fill up the blanks in the history of my 
Heleromita, their observations throw no 
light on the problem we are trying to 
solve — Is it an animal or is it a plant? 

Undoubtedly it is possible to bring for- 
ward very strong arguments in favor of 
regarding Heleromila as a plant. 

For example, there is a Fungus, an ob- 
scure and almost microscopic mold, 
termed Peronospora infeslaiis. Like 
many other Fungi, the Peronosporee arc 
parasitic upon other plants ; and this par- 
ticular Peronospora happens to have aU 
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tained much notoriety and politica! 
pDrta.tice, in a way not without a parauei 
in the career oC notorious politicians, 
namely, by reason of the frightful mis- 
chief It has done to mankind. 'For it is 
this Fung-US which is the cause of the po- 
tato disease : and, therefore, Perotiospora 
iafgsians (doubtless of exclusively Saxon 
origin, though not accurately known to be 
so) brought about the Irish famine. The 
plants afflicted with the malady are found 
to be infested by a mold, consisting of 
fine tubular filaments, termed kypha. 
which burrow through the substance of 
the potato plant, and appropriate to them- 
selves the substance of their host : while, 
at the same time, directly or indirectly, 
they set up chemical changes by which 
even its woody framework becomes black- 
ened, sodden, and withered. 

In structure, however, the Psrortospora 
in as much a mold as the common Pen- 
icillium : and just as the Penicillium 
multiplies by the breaking up of its hyphas 
into separate rounded bodies, the spores ; 
so, in the Peronospora, certain of the 
hyphx: grow out into the air through the 
interstices of the superficial cells of the 
potato plant, and develop spores. Each 
of these hyph^ usually ^wti, oS several 
branches. The ends of the branches di- 
late and become closed sacs, which event- 
ually drop off as spores. Ttie spores 
failing on some part of the same potato 
plant, or carried by the wind to another, 
may at once germinate, throwing out tu- 
bular prolongations which become hyphs, 
and burrow into the substance of the plant 
attacked. But, more commonly, the con- 
tents of the spore divide into six or eight 
separate portions. The coat of the spore 
gives way, and each portion then emerges 
as an indei>endent organism, which has 
the shape of a bean, rather narrower at 
one end than the other, convex on one 
Hde, and depressed or concave on the 
opposite. From the depression, two long 
and delicate cilia proceed, one shorter 
than the other, and directed forward. 
Close to the origin of these cilia, in the 
substance of the body, is a regularly pul- 
sating, contractile vacuole. The shorter 
dlium vibrates actively, and effects the 
locomotion of the organism, while the 
other trails behind ; the whole body roll- 
ing on its axis with its pointed end £or- 

The eminent botanist, De Bary, who 
was not thinking of our problem, tells us, 
in describing the movements of these 
" Zoo'ipores," that, as they swim about, 
■■ Forei;in bodies are carefully avoided, 



I and the whole movement has a deceptive 
I likeness to the voluntary changes of place 
which are observed in microscopic ani- 

After s\varming about in this way in 
the moisture on the surface of a leaf or 
stem (which, film though it may be, is an 
ocean to such a fish) "for ha I f^ an hour, 
more or less, the movement of the zoo- 
spore becomes slower, and is limited to a 
slow turning upon its axis, without change 
of place. It then becomes quite quiet, 
the cilia disappear, it assumes a spherical 
form, and surrounds itself with a distinct, 
though delicate, membranous coat. A 
protuberance then grows out from one 
side of the sphere, and rapidlv increasing 
in length, assumes the character of a 
hypha. The latter penetrates into the 
substance of the potato plant, either by 
enterine a stomate, or by boring through 
the wall of an epidermic celt and ramifies, 
as a mycelium, in the substance of the 
plant, destroying the tissues with which 
It comes in contact. As these processes 
of multiplication take place very rapidly, 
millions of spores are soon set free from a 
single infested plant; and, from their mi- 
nuteness, they are readily transported by 
the gentlest breeze. Since, again, the 
zoospores set free from each spore, in 
virtue of their powers of locomotion, 
swiftly disperse themselves over the sur- 
face, it is no wonder that the infection, 
once started, soon spreads from field to 
field, and extends its ravages over a whole 
country. 

However, it does not enter into my 
present plan to treat of the potato disease, 
mstructively as its history bears upon 
that iif iither epidemics; and 1 have se- 
le ■■ ■'! the case of the Peronospora sim- 
pl; > ■ ■ iiise it affords an example of an 

ence. is truly a " Monad," indistinguisha- 
ble by any important character from our 
Hettromita, and extraordinarily like it in 
some respects. And yet this " Monad " 
can be traced, step by step, through the 
series of metamorphoses which I have 
described, until it assumes the featLires 
of an organism, which is as much a plant 
as is an oak or an elm. 

Moreover, it would be possible to pur- 
sue the analogy farther. Under certain 
circumstances, a process of conjugation 
takes pUce in the Peronospora. Two 
separate portions of its protoplasm become 
fused together, surround themselves with 
a thick coat, and give rise to a sort of 
vegetable egg called an oospore. After a 
period of rest, the contents of the oospore 
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break up into a number of zoospores like 
tfiose already described, each of which, 
aftf r o period' of activity, germinates in the 
ordinary way. This process obviously cor- 
respiiiias with the conjugation and subse- 
quent setting free of germs in the Hetero- 

IJut it may be said that the Peronospora 
is, alter all, a questionable sort of plant ; 
that it seems to be wanting in the manu- 
facturing power, selected as the main dis- 
tinctive character of vegetable life ; or, at 
any rate, that there is no proof that it does 
not get its protein matter ready made from 
the potato plant. 

Let us, therefore, take a case which is 
not open to these objections. 

There are some small plants known to 
botanists as members of the genus Colea- 
ehali. which, without being truly para- 
sitic, grow upon certain water-weeds, as 
lichens grow upon trees. The little plant 
has the form of an elegant green star, the 
branching arms of which are divided into 
cells. Its greenness is due to its chloro- 
phyll, and it undoubtedly has the manu- 
facturing power in full degree, decompos- 
ing carbonic acid and setting oxygen 
free, under the influence of sunlight. 



occasiotially divide, by a method similar 
to that which effects the division of the 
contents of the Peronospora spore ; and 
the severed portions are then set free as 
active monad-like zoospores. Each is 
oval and is provided at one extremity 
with two long active cilia. Propelled by 
these, it swims about for a longer or 
shorter time, but at length comes to a 
slate of rest and gradually grows into a 
CoUochate. Moreover, as in the Peron- 
ospora, conjugation may take place and 
result in an oospore ; the contents of 
which divide and are set free as monadi- 
form germs. 

If the whole history of the zoospores 
of Peronospora and of Coleochwie were 
unknown, they would undoubtedly be 
classed among " Monads " with the same 



cycle of forms through which it 
shows no terms quite so complex as those 
which occur in Peronospora and Coleo- 
chaU ? And, in fact, there are some 
green organisms, in every respect charac- 
teristically plants, such as Cklamydotno- 
nas, and the common Votvox. orso-called 
"Globe animalcule." which run through 
a cycle of forms of just the same simple 
character as those of Heteromttu. 



The name of Ci'damydointmas is applied 

to certain microscopic green bodies, each 
of which consists of a protoplasmic cen- 
tral substance invested by a structureless 
sac. The latter contains cellulose, as in 
ordinary plants; and the chlorophyll which 
gives the green color enables the Chla'ity- 
domonas lo decompose carljonic acid and 
fix carbon as they do. Two long cilia 
protrude through the cell-wal', and effect 
the rapid locomotion of this " monad," 
which, in all respects except its mobility, 
is characteristically a plant. Under or- 
dinary circumstances, the Chiamydomi^- 
nas multiplies by simple tission. each split- 
ting into two or into four parts, which 
separate and become independent organ- 
isms. Sometimes, however, the CManty- 
domonas divides into eight parts, each of 
which is provided with four instead of two 
cilia. These "zoospores" conjugate in 
pairs, and ^ve rise to quiescent bodies, 
wiiich multiply by division, and eventu- 
ally pass into the active state. 

Thus, so far as outward form and the 
^neral character of the cycle of modifica- 
tions, through which the organism passes 
in the course of its life, are concernedi 
the resemblance between Cklamydomit- 
ttas and Heteromita is of the closest de- 
scription. And on the face of the matter 
there is no ground for refusing to admit 
that Heleromila may be related to Chla- 
mydomonas, as the colorless fungus is to 
the green alga. Vehiox may be com- 
pared to a hollow sphere, the wail of 
which is made up of coherent Chlamydo- 
monads ; and which progresses with a ro- 
tating motion effected by the paddling of 
the multitudinous pairs of cilia which pro- 
ject from its surface. Each Votvox-xaon- 
ad, moreover, possesses a red pigment 
spot, like the simplest form of eye known 
among animals. The methods of fissive 
multiplication and of conjugation observed 
in the monads of this locomotive globe 
are essentially similar to those observed 
in Chlamydomonas ; and, though a hard 
battle has been fought over it, yoh/ox is 
now finally surrendered to the Botanists. 

Thus there is really no reason why 
Hcleromita mav not be a plant; and this 
conclusion wouid be very satisfactory, if 
it were not equally easy to show that there 
is really no reason why it should not be 
an animal. For there are numerous or- 
ganisms presenting' the closest resem- 
blance to Heteromita. and, like it, grouped 
under the general name of ■■ Monads," 
which, nevertheless, can be observed to 
take in solid nutriment, and which, there- 
fore, have a virtual, if not an actual, n 
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ous forms of such animals have been de- 
scribed by Ehrenberg, Dujardin, H.James 
Clark, and other writers on the /K/ujor/a. 
Indeed, in another infusion of hay in which 
my Heieromita hiis occurred, there were 
innumerable infusorial animalcules be- 
longing to the well-known species Col- 
podti cunillus* 

Full-sized specimens of this animalcule 
attain a length of between one-three hun- 
dredths or one-four hundreths of an inch. 
so that it may have ten times the length 
and a thousand times the mass of a 
Heieromita. lnshape.it is not altogether 
unlike Heieromita. The small end. how- 
ever, is not produced into one long cilium, 
liut the general surface of the body is cov- 
ered with small actively vibrating ciliary 
organs, which are only longest at the 
small end. At the point which answers 
to that from which the two cilia arise in 
Heteroinila, there is a conical depression, 
the mouth ; and, in young specimens, a 
tapering filament, which reminds one of 
the posrerior cilium of Heteromiia, pro- 
jects from this reg'ion. 

The body consists of a soft granular 
protoplasmic substance, the middle of 



end, is a " contractile vacuole," conspicu- 
ous by its regular rhythmic appearances 
and disappearances. Obviously, although 
the Colpoda is not a monad, it differs 
from one only in subordinate details. 
Moreover, under certain conditions, it 
becomes quiescent, incloses itself in a 
delicate case or cyst, and then divides 
into two, four, or more portions, which 
are eventually set free and swim about as 
active Colpoda. 

But this creature is an unmistakable 
animal, and full-sized Colpoda may be 
fed as easily as one feeds chickens. It 

mly needful todiffuse very finely gtoutid 

:mme through the water in which they 
live, and, in a very short time, the bodies 
of the Colpoda are stuffed with the 
deeply-colored granules of the pigment. 

And if this were not sufficient evidence 
of the anlmality of Colpoda. there comes 
the fact that it is even more similar to 
another well-known animalcule, Para- 
mecium, than it is lo a monad. But 
Paramacium is so huge a creature com- 
pared with those hitherto discussed— it 
reaches one-one hundred and twentieth 
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of an inch or more in length — that there ' 
is no difTiculty in making out its organiza- 
tion in detail ; and in proving that it is 
not only an animal but that it is an animal 
which possesses a somewhat complicated 
organization. For example, the surface 
layer of its body is different in structure 
from the deeper parts. There are two 
contractile vacuoles, from each of which 
radiates a system of vessel-like canals ; 
and not only is there a conical depression 
continuous with a tube, which serve as 
mouth and gullet, but the food ingested 
takes a definite course, and refuse is re- 
jected from a definite region. Nothing 
is easier than to feed these animals, and 
to watch the particles of indigo or carmine 
accumulate at the lower end of the gullet. 
From this they gradually project, sur- 
rounded by a ball of water, which at 
length passes with a jerk, oddly simulat- 
ing a gulp, into the pulpy central sub- 
stance of the body, there to circulate up 
one side and down the other, until its 
contents are digested and assimilated. 
Nevertheless, this complex animal multi- 
plies hy division, as the monad does, and, 
like the monad, undergoes conjugation. 
It stands in the same relation to Heiero- 
mita on the animal side, as Coleochate 
does on the plant side. Start from cither, 
and such an insensible series of gradations 
leads to the monad that it is impossible 
to say at any stage of the progress — here 
the line between the animal and the plant 
must be drawn. 

There is reason to think that certain 
organisms which pass through a monad 
stage of existence, such as the Myxomy- 
cetei, are, at one time of their lives, de- 
pendent upon external sources for their 
protein matter, or are animals ; and, at 
another period, manufacture it, or are 
plants. And seeing that the whole prog- 
ress of modem investigation is in favor 
of the doctrine of continuity, it is a fair 
and probable speculation — though only a 
speculation^ that, as there are some 
plants which can manufacture protein out 
of such apparently intractable mineral 
matters as carbonic acid, water, nitrate 
of ammonia, metallic and earthly salts; 
w'hile others need to be supplied with 
their carbon and nitrogen in the some- 
what less raw form of tartrate of ammonia 
and allied compounds : so there may be 
yet others, as is possibly the case with the 
true parasitic plants, which can only man- 
age to put together materials still better 
prepared — still more nearly approximated 
to protein — until we arrive at such organ- 
isms as the Psarosperinia and the Pan- 
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kisiophytan. which are as muth animal 
as vegetable in structure, but are animal 
in their dependence on other organisms 
for their food. 

The singular circumstance observed 
byMeyer, that the 7V?-u/a of yeast, though 
an indubitable plant, still flourishes must 
vigorously wlien supplied with the com- 
plex nitrogenous substance, pepsin : the 
probability that the Peronospara is nour- 
ished directly by the protoplasm of the 
potato-plant : and the wonderful facts 
which liave recently been brought to light 
respecting insectivorous plants, all favor 
this view ; and tend to the concluKion 
that the difference between animal and 
plant is one of degree rather than of 
loind ; and that the problem whether, in 
a given case, an organism is an animal or 
a plant, may be essentially insoluble. 

V. 

universities: actual and ideal.* 

Elected by the suffrages of your four 
Nations, Rector of the ancient University 
of which you are scholars, I take the ear- 
liest opportunity which has presented itself 
since my restoration to health, of deliver- 
ing the Address which, by long custom, 
is expected of the holder of my office. 

My first duty in opening that Address, 
is to offer you my most hearty thanks for 
the signal honor you have conferred upon 
me — an honor of which, as a man uncon- 
nected with you by personal or by national 
tics, devoid of_political distinction, and a 
plebeian who stands by his order, I could 
not have dreamed. And it was the more 
surprising to me, as the five-and-twenCy 
years wEch have passed over my heaS 
since 1 reached intellectual manhood, have 
been largely spent in no half-hearted ad- 
vocacy of doctrines which have not yet 
found fa\'or in the eyes of Academic re- 
spectability ; so that, when the proposal 
to nominate me for your Rector came, 1 
was almost as much astonished as was 
Hal o' the Wynd, "who fought for his 
own hand," by the Black Douglas's proffer 
of knighthood. And I fear that my ac- 
ceptance must be taken as evidence that, 
less wise than the .\rmorer of Perth, 1 
have not yet done with soldiering. 

In fact, it. for a moment, 1 imagined 
that your intention was simply, in the 
kindness of your hearts, to do me honor : 
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and that the Rector of your University, 
like that ofsome other Universities, was one 
of those happy beings who sit in glory for 
three years, with nothing to do for it save 
the making of a speech, a conversation 
with my distinguished predecessor soon 
dispelled the dream. 1 found that, by the 
constitution of the University of Aberdeen, 
the intimibent of the Rectoraie is, if not 
a power, at any rate a potential energy; 
and that, whatever may be his chances of 
success or failure, it is his duly to convert 
that potential energy into a living force, 
directed toward such ends as may seem to 
him conducive to the welfare of^the cor- 
poration of which he is the theoretical 

I need not tell you that your hte Lord 
Rector took this view of his position, and 
acted upon it with the comprehensive, far- 
seeing insight into the actual condition and 



other countries, which is his honorable 
characteristic among statesmen. I have 
already done my best, and, as long as 1 
hold my office, I shall continue my en- 
deavors, to follow in the path which he 
trod ; to do what in me lies, to bring this 
University nearer to the ideal— alas, that 
I should be obliged to say ideal — of all 
Universities ; which, as I conceive, should 
be places.in which thought is free from all 
fetters ; and in which all sources of knowl- 
edge, and all aids to learning, should be 
accessible to all comers, without distinc- 
tion of creed or countrv, riches or pov- 
erty. 

Do not suppose, however, that I am san- 
guine enough to expect much to come of 
any poor efforts of mine. If your annals 
take any notice of my incumtiency, I shall 
probably go down to posterity as the Rec- 
tor who was always beaten. But if they 
add. as I think they will, that my defeats 
became victories in the hands of my suc- 
cessors, I shall be well content. 

The scenes are shifting in the great the- 
ater of the world. The act which com- 
menced with the Protestant Reformation 
is nearly played out, and a wider and a 
deeper change than that effected three cen- 
turies ago — a reformation, or rather a rev- 
olution of thought, the extremes nf which 
are represented by the intellectual heirs of 
John of Leyden and of Ignatius Loyola, 
rather than by those of Luther and o/^Leo 
—is waiting to come on. nay, visible be- 
hind the scenes to those who have good 
eyes. Men are beginning, once more, to 
awake to the fact that matters of belief 
and ol speculation are of absolutely infi- 
nite practical importance : and are draw- 



ioS ofi (™ni ihat sunny country " where it 
is always afternoon " — the sleepy hollow 
of broad indifTerennsm — to range them- 
selves under their natural banners. 
Change b in the air. It is whirling feather- 
head.'^ into all sons of eccentric orbits, and 
fillinj; the steadiest with a sense of inse- 
curity. It ioMits on reopen in ;; all ques- 
tions and a^ing all institutions, however 
venerable, by what right they exist, and 
whether they are. or are not, in harmony 
with the real or supposed wants of man- 
kiad. And it is remarkable that these 
searching inquiries are not so much forced 
on institutions from without, as developed 
from within. Consummate scholars qucs- 
^on the value of learning ; priests contemn 
dogma: and women turn theirl>acks upon 
man's ideal ol perfect womanhood, and 
seek satisfaction in apocalvptic visions of 
some, as yet unrealized, epicene reality. 

If there be a type of stability in this 
world, one would be inclined to look for it 
m the old Universities of England. But 
it has been mv business of late to hear a 
good deal about what is going on in these 
^rnous corporations; and 1 have been 
filled with astonishment by the evidences 
of interna' fermentation which they ex- 
hit^t. ' H Gibbon could revisit the ancient 
Beat nf learning of which he has written so 
cavalierly, assuredly he would no longer 
Bpeak o( " the monks of Oxford sunk in 
prejudiceand port." There, as elsewhere, 
port has gone out of fashion, and so has 
prejudice— at least that particular fine, old. 
crusted sort of prejudice to which the 
great historian alludes. 

Indeed, thing are moving so fast in Ox- 
ford and Cambridge, that, for my part. I 
Feioiced when the Royal Commission, of 
which 1 am a member, had linished and 
presented ihe Report which related to 
these Universities; for we should have 
looked like mere plagiarists, if, in conse- 
quence of a little longer delay in issuing it, 
all the measures of reform we proposed 
had been anticipated by the spontaneous 
action of the Universities themselves. 

A month ago I should have gone on 
to say that one might speedily expect 
changes of another kind in Oxford and 
Cambridge. A Commission has been 
inquiringinto the revenues of the many 
wealthy societies, in more or less direct c( 
nection with the Universities, resident 
those towns, ft is said that the Commis- 
aivn has reported, and that, for the first 
time in recorded history, the nation, and 

Eerhaps the Colleges themselves, will 
now what they are worth. And 
announced that a statesman, who. 
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ever his other merits or defects, his aims | 
aboie the level of mere party fighting, 
and a clear vision into the most complex 
] practical problems, meant to deal with 
I these revenues. 

Bat, Bos ioeul us at. That mj-stcrious 
independent variable of political calcula- 
tion. Public Opinion— wtuch some whis- 
per is, in the present case, very much the 
same thing as publican's opinion — has 
willed otherwise. The Heads may re- 
titm to their wonted slumbers—^ any 
rate for a space. 

Is the spirit of change, which is WTDrk- 
ing thus vigorously in the South, likelylo 
affect the Northern Universities, and if so, 
to what extent ? The violence of fermen- 
tation depends, not so much on the quan- 
tity of the yeast, as on the composition tA 
the wort, and its richness in fermentable 
material ; and. as a preliminary to the dis- 
cussion of this question. 1 venture to call 
to your minds the essential anti funda- 
mental differences between the Scottish 
and the English type of University. 

Do not chai^ me with anything worse 
than official egotism, if I say that these 
differences appear to l>e largely symbol- 
ized by my own existence. There is do 
Rector in an English University. Now, 
the organization of the members of an 
University into Nations, with their elec- 
tive Rector, is the last relic of the primi- 
tive constituiion of Universities. The 
Rectorate was the most important o( 
all offices in that University of Paris, 
m the model of which the University 
Aberdeen was fashioned ; and which 
s certainly a great and flourishing ia- 
ution in the twelfth century. 

Enthusiasts for the antiquity of one of 
the two acknowledged parents of all Uni- 
versities, indeed, do not hesitate to trace 
the origin of the " Studium Parisiense " 
up to that wonderful king of the Franks 
and Lombards, Karl, sumamed the Great, 
whom we all called Charlemagne, and 
believed to be a Frenchman, until a 
learned historian, by beneficent iteration, 
taught us better. Karl is said not to have 
been much of a scholar himself, but he 
had the wisdom of which knowledge is 
only the servitor. And that wisdom ena- 
bled him to see that ignorance is one of 
the roots of all evil. 

In the Capitulary which enjoins the 
foundation of monasterial and cathedral 
schools, he sa>'s : " Right action is better 
than knowledge ; but in order to do what 
is rig^hl, we must know what is right." 
An irrefragable truth. I fancy. Acting 
upon it, the king took pretty full compuL 
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sory powers, and carried inio effect a 
really considerable and effectual scheme 
of elementary education through the 
length and breadth of his dominions. 

No doubt the idolaters out by the Elbe, 
in what is now part of Prussia, objected 
to the Frankish king's measures ; no 
doubt the priests, who had never hesitated 
about sacrificing ali unbelievers in their 
faotasiie deities and futile conjurations, 
were the loudest in chanting the virtues of 
toleration ; no doubt ihey denounced as 
a cruel persecutor the man who would not 
allow them, however sincere iheymisht 
be, to go on spreading delusions which 
debased the intellect, as much as they 
deadened the moral sense, and under- 
mined the bonds of civil allegiance ; no 
doubt, if they had lived in these times, 
they would have been able to show, with 
ease, that the king's proceedings were 
totally contrary to the best liberal princi- 
ples. But it may be said, in justification 
of the Teutonic ruler, first, that he was 
born before those principles, and did not 
suspect that the best way of gelling dis- 
order into order U'as to let it alone ; and. 
secondly, that his rough and questionable 
proceedmjip did, more or less, bring about 
the end he had in view. For, in a couple 
of centuries, ihe schools he sowed broad- 
cast produced their crop of men. thirsting 
for knowledge and craxing for culture. 
Such men gravitating toward Paris, as a 
light amidst the darkness of evil days, 
from Germany, from Spain, from Britain, 
and from Scandinavia, came together by 
natural affinity. By degrees they banded 
themselves into a .'society, which, as its 
end was the knowledge of all things 
knowable, called itself a " Studium Gen- 
erals ,-" and when it had grown into a 
recognized corporation, acquired the 
name of " Universilas Sludu Gencralis," 
which, mark you, means not a " Useful 
Knowledge Society," but a " Knowledge- 
of-things-in-general Society." 

And thus the first " University," at any 
rate on this side of the Alps, came into 
being. Originally it had but one Faculty, 
that of Ans, Its aim was to be a center 
of knowledge and culture ; not to be, in 
anv sense, a technical school. 

The scholars seem to have studied 
Grammar, Logic, and Rhetoric ; Arithme- 
tic and Geometry ; Astronomy ■, Theol- 
ogy ; and Music. Thus, their work, 
however imperfect and faulty, judged by 
modern hghts, it may have been, brought 
them face to face with all the leading as- 
pects of the many-sided mind of man. 
For these studies did really contain, at 




ire— what we now call Philos^ 
ophy, iMathematicai and Physical Science. 
and Art. And 1 doubt if the curriculum 
of any modern University shows so clear 
and generous a comprehension of what 
is meant by culture, as this old Trivium 
and Quadri'vium does. 

The students who had passed through 
the University course, and had proved 
themselves competent to teach, became 
masters and teachers of their younger 
brethren. Whence the distinction cf 
Masters and Regents on the one hanc.'. 
and Scholars on the other, 

Kapid growth necessitated organization. 
The Masters and Scholars of various 
tongues and countries grouped themselves 
into four Nations ; and the Nations, by 
their own votes at first, and subsequently 
by those of their Procurators, or represent- 
atives, elected their supreme head and 
governor, the Rector— at that time the 
sole representative of the University, and 
a verj' real power, who could defy Pro- 
vosts interfering from without; or couki 
inliict even corporal punishment on dis- 
obedient members within the University, 

Such was the primitive constitution of 
the University of Paris. It is in reference 
to this original state of things that 1 have 
spoken of the Kectorate, and all that ap- 
pertains to it, as the sole relic of that con- 



But this original organization did not last 
long. Society was not then, any more than 
it is now. patient of culture, as such. Itsay.s 
to everything. " Be useful to me, or away 
with you." And to the learned, the un- 
learned man said then, as he does now. 
" What is the use of all your learning, un- 
less you can tell me what 1 want to know ? 
I am here blindly gropin"' about, and con- 
stantly damaging myself by collision with 
three mighty powers, the power of the in- 
visible God, the power of my fellow Man. 
and the power of brute Nature. Let your 
learning be turned to the study of these 
powers, that I may know how 1 am to 
comport myself with regard to them." In 
answer to this demand, some of the Mas- 
ters of Ihe Faculty of Arts devoted thcr.i- 
selves to the study of Theotog)', some ;.i 
that of Law, and some to that of Medi- 
cine; and they became Doctors — rncn 
learned in those technical, or, as we nov.' 
call them. profesEioual, branches of knowl- 
edge. Like dealing to like, the Doctor^ 
formed schools, or Faculties, of Thcolo.'?;', 
Law, and Medicine, which sometimes as- 
sumed airs of superiority over their paren . 
the Faculty of Arts, though the latter l.- 
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by pnii;ess of nat- 
" of the primitive 
itituents, foreign 
e spctdily grafted upon 
it. One of these extraneous elements was 
forced into it by the Kornan Church, which 
in those days asserted with effect, tliat 
which it now asserts, happily without any 
efJect in these realms, its right of censor- 
^ip and control over all teaching. The 
flCal habitation of the University lay 
partly in the lands attached to the monas- 
tery of S. Genevieve, partly in the diocese 
of the Bishop of Paris ; and he who would 
teach must have the license of the Abbot, 
or of the Bishop, as the nearest represent- 
ative of the Pope, so to do. which license 
was granted by the Chancellors of these 
Ecclesiastics. 

Thus, if I am what archccologists call a 
" survival " of the primitive head and ruler 
of the University, your Chancellor stands 
in the same relation to the Papacy; and, 
with all re.'ipect for his Grace, I think 1 
may say that we both look terribly 
shrunken when compared with our great 

Not so is it with a second foreign ele- 
ment, which silenily dropped into the soil 
oi Universities, like the grain of mustard- 
seed in the parable ; and, like that grain, 
grew into a tree, in whose branches a 
whole aviary of fowls took shelter. That 
element is the element of Endowment, 
It differed from the preceding, in its orig- 
inal design to serve as a prop to the young 
plant, not to be a parasite upon it. The 
charitable and the humane, blessed with 
wealth, were very early penetrated by the 
misery of the poor student. And the 
wise saw that intellectual ability is not so 
common or so unimportant a gift that it 
should be allowed to run to waste upon 
mere handicrafts and chares. The man 
who was a blessing to his contemporaries, 
but who so often has been converted into 
a curse, by the blind adherence of his pos- 
terity to the letter, rather than to the spirit. 
of his wishes — I mean the " pious founder " 
— gave money and lands, that the student, 
who was rich in brain and poor in all else, 
might be taken from the plough or from 
the stithy, and enabled to devote him|eH 
to the higher service of mankind ; and 
built colleges and halls in which he might 
be not only housed and fed, but taught. 

The Colleges were very generally placed 
in strict snlwrdination to the University 
by their founders ; but, in many cases, 
their endowment, consisting of land, has 



undergone an "unearned 

which has given these societies a contin- 
ually increasing weight and importance as 
against the unendowed, or fixedly en- 
dowed. University. In Pharaoh's dream, 
the seven lean kine eat up the seven fat 
ones. In the reality of historical fact, the 
fat Colleges have eaten up the lean Uni- 



Even here in Aberdeen, though the 
causes at work may have been somewhat 
different, the effects have been similar; 
and you see how much more substantial 
an entity is the Very Reverend the I'rin- 
cipal, analogue, if not homologue, of the 
Principals of King's College, than the 
Rector, lineal representative of the ancient 
monarchs of the University, though now. 
little more than a " king of shreds and 
patches," 

Do not suppose that, in thus briefly 
tracing the process of University meta- 
morphosis, 1 have had any intention of 
quarreling with its resuln.' Praaically. 
it seems to me that the bmad changes ef- 
fected in 1858 have given the Scottish 
Universities a very liberal constitution, 
with as much real approxii^ation to the 
primitive state of things as is at all desir- 
able. If your fat kine have snicn the lean, 
they have not Iain down lo chcv the cud 
ever since. The Scottish Unii'crsities, 
like the English, have diverged widely 
enough from their prlmitii'e mode! ; ii.'it I 
cannot help thinking that the northern 
form has remained more faithful to its 
original, not only in constitution, but, what 
Is more to the purpose, in view of the cry 
for change, in the practical application ol 
the endowments connected with it. 

In Aberdeen, these endowments are 
numerous, but so small that, taken alto- 
gether, they are not equal to the revenue 
of a single third-rate English college. 
They are scholarships, not fellowships ; 
aids to do work^not rewards for such 
work as it lies within the reach of an or- 



ing a respectable examination is a fair 
equivalent for an income, such as many a 
gray-headed veteran, or clergyman, would 
envy ; and which is larger than the endow- 
ment of many Regius chairs. You do 
not care to make your University a 
school of manners for the rich ; of sports 
for the athletic ; or a hot-bed of high-fed. 
hypercritical refinement, more destructive 
to vigor and originality than are starva- 
tion and oppression. No ; your little 
Bursaries of ten and twenty (I believe 
even fifty) pounds a year, enable any boy 
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who ht;: rlicwn ability in the course of his 
tdut'acioii III those leiDarkable primary 
schtKils, which have made ScmLind the 
power bhu is, to ubiain luc highest ciilttire 
the cnuniry can give liini : and when he is 
armed, and equipped, his Spartan Alma 
Mater tells him that, ho far, he has had 
his ivajics fur his work, and that he may 
go and earn the rest. 

\\ hen I think of the host of pleasant. 
iBonied, well-bred young gentlemen, who 
do a little learning and much boating by 
Cam and IsIs, iiie vif>ion is a pleasant 
one ; and. as a patriot, I rejoice that the 
youth of [he upper and richer classes of 
the nation receive a wholesome and a 
manly traitiing, however small may be the 
modicum of knowledge they gather, in the 
intervals of this, their serious busioess. 1 
admit, to the full, ihe social and pohtical 
value of that training. But. when I pro- 
ceed to consider that these young men 
may be said to represent the great bulk of 
what the Colleges have to show for their 
enormous wealth, plus, at least, a hun- 
dred and fifty pounds a year apiece which 
each undergraduate costs his parents or 
guardians, I feel inclined to ask. whether 
the rate-in-aid of the education of the 
wealthy and professional classes, thus 
levied on the resources of the community. 
is not, after all, a littie heavy ? And, sCill 
further, 1 am tempted to inquire what has 
become of the indigent scholars, the sons 
of the masses of the people whose daily 
labor just suffices to meet their daily 
wants, for whose benefit these rich foun- 
dations were largely, if rot mainly, insti- 
tuted? It seems as if Pharaoh's dream 
had been rigorously carried out, and that 
e\'en the fat scholar has eaten the lean 
one. And when I turn from this picture 
to the no less real vision of many a bravi 
and frugal Scotch boy, spending his sum 
met in hard manual labor, that he may 
have the privilege of wending his way in 
autumn to this University, with a bag of 
oatmeal, ten pounds in h;s pocket, and his 
own stout heart to depend upon through 
the northei-n winter ; notlicnt on seeking 
"The bubble rcpulfltian at the cam 

mouth," 

but determined to wring knowledge from 
the hard hands of penury ; when 1 see him 
win "through all such outward obstacles 
to positions of wide usefulness and well- 
earned fame ; I cannot but think that, ir 
essence. Aberdeen has departed but little 
from the primitive intention of the found- 
ers of Universities, and that the spirit of 
reform has so much to do on the other 




iide of the Border, that it mav be 1 

befure he has leisure In look this waj^- 

As compared with other actual Univer- 
sities, then, Aberdeen, may, perhaps, be 
well satisfied with itself, but tio not 
think me an impracticable dreamer, if 1 
ask you not to rest and be thankful in 
this state of satisfaction ; if I ask you to 
consider awhile, how this actual good 
stands related to that ideal better, towards 
which both men and institutions must pro- 
gress, if they would not retrograde. 
In an ideal University, as I conceive it, 
nan should be able to obtain instruction 
all forms of knowledge, and discipline 
— the use of all the methods by which 
knowledge is obtained. In such an Uni- 
versity, the force of living example should 
fire the student with a noble ambition to 
emulate the learning of learned men, and 
to follow in the footsteps of the explorers 
"' ".ew fields of knowledge. And the 
air he breathes should be charged 
that enthusiasm for truth, that fanat- 
1 of veracity, which is a greater pos- 
on than much learning; anoblergift 
than the power of increasing knowledge ; 
by so much greater and nobler than these, 
as the moral nature of man is greater 
than the intellectual; for veracity is the 
heart of morality. 

But the man who is all morality and 
intellect, although he may be good and 
even great. Is, after all, only half a man.' 
There is beauty in the moral world and in 
the intellectual world ; but there is also a 
beauty which is neither moral nor intel- 
lectual—the beauty of the world of Art. 
There are men who are devoid of the 
power of seeing it, as there are men who 
are born deaf and blind, and the loss of 
those, as of these, is simply infinite. 
There are others in whom it is an over- 
powering passion ; happy men. bom with 
the productive, or at lowest, the apprecia- 
tive, genius of the Artist, But, in the 
mass of mankind, the jEsthctic faculty, 
like the reasoning power and the moral 
sense, needs to be roused, directed, and 
cultivated ; and I know not why the de- 
velopment of that side of his nature, 
through which man has access to a peren- 
nial spring of ennobling pleasure, should 
be omitted from any comprehensive 
scheme of University education. 

All Universities recognize Literature in 
the sense of the old Rhetoric, which is art 
incarnate in words. Some, to their credit, 
recognize Art in its narrower sense, to a 
certain extent, and confer degrees for 
proficiency in some of its branches. If 
there are Doctors of Music, why should 
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ihere be no Masters of Painting, of Sculpt- 1 
ure, of Architecture ? 1 should like to 
see Professors of the Fine Arts in every 
University ; and instruction in some 
branch of their work made a part of the 
Arts curriculum. 

I just now expressed the opinion that, 
in our ideal University, a man should be 
able to obtain instruction in all fomis of 
knowledge. Now. by " forms of knowl- 
edge " 1 mean the great classes of things 
knowable : of wliich the first, in iogit'al, 
though nnt in natural, order is knowledge 
relating to the scope and limits of the 
mental faculties of man ; a form of knowl- 
edge which, in its positive aspect, answers 
pretty much to Logic and part of Psy- 
eholo'jy. while, on its negative and crit- 
ical side. It corresponds with Metaphysics. 

A si'CiilmJ class comprehends all that 
knowledge which relates to man's welfare, 
so far as it is determined by his own acts, 
or'what we call his condact. It answers 
to Moral and Religious philosophy. 
Practically, it is the most directly valuable 
of all forms of knowledge, but specula- 
ih'ely, it is limited and criticised by that 
which precedes and by that which follows 
it in my order of enumeration. 

A third class embraces knowledge of 
the phenomena of the Universe, as that 
which lies ahoiit the individual man : 
of the rules which those phenomen; 
observed to follow in the order of their 
occurrence, which we term the laws of 
Naiure. 

This is what ought to be called Natural 
Science, or Physiology, though those terms 
are hopelessly diverted from such a 
meaning: and it includes all exact knowl- 
edge of natural tact, whether Mathemat- 
ics, Physical, Biological, or Social. 

Kant has said that the ultimate object 
of all knowledge is to give replies to these 
three questions : What can 1 do i* What 
ought I to do ? What may I hope for ? 
The forms of knowledge which 1 have 
enumerated, should furnish such replies 
as are within human reach, to the first and 
second of these questions. While to the 
third, perhaps the wisest answer is, ■' Do 
what you can to do what you ought, and 
leave hoping and fearing alone." 

If this be a just and an exhaustive 
classification of the forms of knowledge, 
no question as to their relative impor- 
tance, or as to the superiority of one to 
the other, can be seriously raised. 

On the face of the matter, it is absurd 
to ask whether it is more important to 
know the hmits of one's powers; or the 
ends for which they ought to be exerted ; 



or the conditions under which they 
be exerted. One may as well mquire 
which of the terms of a Rule of Three 
sum one ought to know, in order to get a 
trustworthy result. Practical life is such 
a sum, in which your duty multiplied into 
your capacity, and divided by your cir- 
cumstances, gives you the fourth term in 
the proportion, which is your deserts, with 
great accuracy. All agree, 1 take it, that 
men ought to have these three kinds of 
knowledge. The so-called " conflict of 
studies" turns upon the tjuestion of how 
they may best be obtained. 

The founders of Universities held the 
theory that the Scriptures and Aristotle 
taken together, the latter being limited by 
the former, contained all knowledge worth 
having ; and that the business of philoso- 
phy was to interpret and co-ordinate 
these two. I imagine that in the twelfth 
century this was a very fair conclusion 
from known facts. Nowhere in the 
world, in those days, was there such an 
encyclopedia of knowledge of all three 
classes, as is to be found in those writ- 
ings. The scholastic philosophy is a 
wonderful monument of the patience and 
ingenuity with which the human mind 
toiled to build up a logically consistent 
theory of the Universe, out of such ma- 
terials. And that philosophy is by no 
means dead and buried, as many vainly 
suppose. On the contrary, numbers ca 
men of no mean learning and accompLisb- 
ment, and sometimes of rare power acd 
subtlety of thought, hold by it as the best 
theory of things which has yet been stated. 
And, what is still more remarkable, meri 
who speak the language of modem phi- 
losophy, nevertheless think the thoughts 
of the schoolmen. " The voice is the 
voice of Jacob, but the hands are the 
hands of Esau." Every day I hear 
"Cause," "Law," "Force," "Vitality," 
spoken of as entities, by people who can 
enjoy Swift's joke about the meat-roast- 
ing quality of the smoke-jack, and com- 
fort themselves with the reflection that 
they are not even as those benighted 
schoolmen. 

Well, this great system had its day. and 
then it was sapped and mined by two in- 
fluences. The first was the study of 
classical literature, which familiarized men 
with methods of philosophizing; with 
conceptions of the highest GoM ; with 
ideas of the order of Nature ; with notions 
of Literary and Historical Criticism ; and 
above all, with visions of Art, of a kind 
which not only would not fit into the 
scholastic scheme, but showed them a 
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pre-Christian, and indeed altogether un- 
christian world, of such grandeur and 
beauiythat they ceased to think of any 
other. They were as men who had kissed 
the Fairy Queen, and wandering with 
her in the dim loveliness of the under- 
world, cared not to return to the familiar 
ways of home and fatherland, though they 
lay, at arm's len^h. overhead. Cardinals 
were more familiar with Virgil than with 
Isaiah: and Popes labored, with great 
success, to re-paganize Rome. 

The second influence was the slow, but 
sure, growth of the physical sciences. It 
was discovered that some results of spec- 
ulative thought, of immense practical and 
theoretical importance, can be verified by 
observation ; and are always true, how- 
ever severely they may be tested. Here, 
at any rate, was knowledge, to the cer- 
tainty of which no authority could add. or 
take away, one jot or tittle, and to which 
the tradition of a thousand years was as 
insignihcant as the hearsay of yesterday. 
To the scholastic sj-stem, the study of 
classical literature might be inconvenient 
and distracting, but it was possible to 
hope that it couid be kept within bounds. 
Physical science, on the other hand, was 
an irreconcilable enemy, to be excluded 
at all hazards. The College of Cardinals 
has not distinguished itself in Physics or 
Physiology ; and no Pope has, as yet, set 
up public laboratories in the Vatican. 

People do not always formulate the be- 
liefs on which they act. The instinct of 
fear and dislike is quicker than the reason- 
ing process ; and I suspect that, taken ir 
conjunction with some other causes, such 
instmctive aversion is at the bottom of the 
long exclusion of any serious discipline in 
the physical sciences from the general 
curriculum of Universities ; while, on the 
other hand, classical literature has been 
gradually made the backbone of the Arts 

I am ashamed to repeat here what I 
have said elsewhere, in season and out of 
season, respecting the value of Science as 
knowledge and discipline. But the othei 
day I met with some passages in the Ad- 
dress to another Scottish University, of e 
great thinker, recently lost to us, which 
express so fully, and yet so tersely, the 
truth in this matter, that I am fain to 
quote them : — 

" To question all things ; — never to t 
away from any difficulty ; to accept 
doctrine either from ourselves or from 
other people without a rigid scrutiny by 
negative criticism ; letting no fallacy, or 
i'lcoherence, or contusion of thought step 



by unperccived ; above all, to insist upon 
having the meaning of a word clearly un- 
derstood before using it, and the meaning 
of a proposition before assenting to it ; — 
these are the lessons we learn " from . 

workers in Science. ■' With ali this vig- 
orous management of the negative ele- 
ment, they inspire no scepticism about 
the reality of truth or indifference to its 
ursuit. The noblest enthusiasm, both 
)r the search after truth and for appiy- 
1^ it to its highest uses, pervades those 
Titers." " In cultivating, therefore." sci- 
tice as an essential ingredient in educa- 
tion, '■ we are all the while laving an ad- 
mirable foundation for ethical and philo- 
-- >phical culture." * 

The passages I have quoted were ut- 
tered by John Stuart Mill ; but you cannot 
hear inverted commas, and it is therefore 
right that I should add. without dday, 
that I have taken the liberty of substitu- 
ting "workers in science" for "ancient 
dialecticians." and " Science as an essen- 
tial ingredient in education " for " the 
ancient languages as our best literary 
education." Milt did. in fact, deliver a 
noble panegyric upon classical studies. 1 
do not doubt its justice, nor presume to 
question its wisdom. But 1 venture to 
maintain that no wise or just judge, who 
has a knowledge of the facts, will hesitate 
to say that it applies with equal force to 
scientific training. 

But it is only fair to the Scottish Uni- 
versities to point out that they have long 
understood the value of Science as a 
branch of general education. 1 observe, 
with the greatest satisfaction, that candi- 
dates for the degree of Master of Arts in 
this University are required to have a 
knowledge, not only of Mental and Moral 
Philosophy, and of Mathematics and 
Natural Philosophy, but of Natural His- 
tory, in addition to the ordinary Latin and 
Greek course ; and that a cantlidate may 
take honors in these subjects and in 
Chemistry. 

I do not know what the requirements 
of your examiners may be. but 1 sincerely 
trust they are not satisfied with a mere 
book knowledge of these matters. For 
ray own part, 1 would not raise a finger. 
if I couiti thereby introduce mere book 
work in science into every Arts curriculum 
in the country. Let those who w^nt to 
study books devote themselves to Litera- 
ture, in which we have the perfection of 
books, both as to substance and as lo form. 
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If I may paraphrase Hobbes's well-known 
aphorism, 1 would say that ■■ books are 
the money of Literature, but only the 
counters of Science," Science (in the 
sense in which I now use the term) being 
the knowledge of fact, of which every ver- 
bal description is but an incomplete and 
symbolic expression. And be assured 
that no teaching of science is worth any- 
thing, as a mental discipline, which is not 
based upon direct perception of the facts, 
and practical exercise of the observing 
and logical faculties upon them. Even 
in such a simple matter as the mere com- 
prehension of form, ask the most prac- 
ticed and widely informed anatomist what 
is the difference between his knowledge 
of a structure which he has read about, 
and his knowledge of the same structure 
when he has seen it for himself; and he 
will tell you that the two things are not 
comparable— the difference is infinite. 
Thus ! am very strongly inclined to agree 
with some learned schoolmasters who say 
that, in their experience, the teaching of 
science is all waste time. As they teach 
it. I have no doubt it is. But to teach it 
otherwise, requires an amount of personal 
labor and a development of means and 
appliances, which must strike horror and 
dismay into a man accustomed to mert 
book work ; and who has been in the habii 
of teaching a class of fifty without much 
strain upon his enei^es. And this is one 
of the real difficulties in the way of the 
introduction of physical science into the 
ordinary University course, to which I 
have alluded. It is a difficulty which will 
not be overcome, until years of patient 
study have organized scientific teaching 
as well as, or I hope better than, classical 
teaching has been organized hitherto. 
A little while ago, I ventured to hi 
doubt as to the perfection of some of the 
arrangements in the ancient Univt 
of England ; but, in their provision for 
giving mstruction in Science as such, and 
without direct reference to any of its prac- 
tical applications, they have set a brilliant 
example. Within the last twenty years, 
Oxford alone has sunk more than a hun- 
dred and twenty thousand pounds ir 
building and furnishing Physical, Chem- 
ical, and Physiological Laboratories, and s 
magnificent Museum, arranged with ar 
almost luxurious regard for the needs of 
the student. Cambridge, less rich, but 
aided by the munificence of her Chancel- 
lor, is taking the same course ; and, in s 
few years, it will be for no lack of the 
means and appliances of sound teaching, 
if the mass of English University men re- 
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main in their present state of barbarous 
Ignorance of even the rudiments of scien- 

Yet another step needs to be made be- 
fore Science can be said to have taken its 
proper place in the Universities. That is 
■ts recognition as a Faculty, or branch of 
;tudy demanding recognition and special 
organization, on account of its bearing on 
the wants of mankind. The Faculties of 
Theologj", Law, and Medicine, are tech- 
nical schools, intended to equip men who 
have received genera! culture, with the 
special knowledge which is needed for the 
proper fierformance of the duties of cler- 
gymen, lawyers, and medical practitioners. 

When the material well-being of .the 
country depended upon rude pasture and 
agriculture, and still ruder mining ; in the 
days when all the innumerable applica- 
tions of the principles of physical science 
to practical purposes were non-existent 
even as dreams ; days which men living 
may have heard the'ir fathers speak of ; 
what little physical science could be seen 
to bear directly upon human life, lay 
within the province of Medicine. Medi- 
cine was the foster-mother of Chemistry, 
because it has to 'do with the preparation 
of drugs and the detection of poisons ; of 
Botany, because it enabled the physician 
to recognize medicinal herbs ; of Compar- 
ative Anatomy and Physiology, because 
the man who studied Human Anatomy 
and Physiology for purely medical pur- 
poses was led to extend his studies to the 
rest of the animal world. 

Within my recollection, the only way 
in which a student could obtain anything 
like a training in Physical Science, was 
by attending the lectures of the Profes- 
sors of Physical and Natural science at- 
tached to the Medical Schools. But. in 
the course of the last thirty years, both 
foster-mother and child have grown so 
big. that they threaten not only to crush 
one another, but to press the very life out 
of the unhappy student who enters the 
nursery ; to the great detriment of all three. 

! speak in the presence of those who 
know practically what medical education 
is ; for I may assume that a large propor- 
tion of my hearers are more or less ad- 
vanced students of medicine. 1 appeal 
to the most industrious and conscientiour. 
among you, to those who are most deeply 
penetrated with a sense of the extremely 
serious responsibilities which attach to 
the calling of a medical practitioner, when 
I ask whether, out of the four years which 
you devote to your studies, you ought to 
o much as an fioiir for any 






work which does 
you for your duties? 

Consider what tha.t work is. Its foun- 
dation is a sound and practical acquaint- 
ance with the structure of the human or- 
^ };anism. and with the modes and condi- 
tions of its action in tiealth. 1 say a sound 
and practical acquaintance, to guard 
against the supposition that my intention 
is lo suggest that you ought all to be mi- 
nute anatomists and accomplished physi- 
ologists. The devotion of your whole 
four years to Anatomy and Physiology 
alone, would be totally insullicient lo at- 
tain that end. What I mean is, the sort 
of practical, familiar, finger-end knowl- 
edge which a watchmaker hasofawatch, 
and which you expect that craftsman, as 
an honest man. to have, when you entrust 
a watch that goes badly, to him. It is a 
Icin'd of knowledge which is to be ac- 
quired, not in the lecture-room, nor in 
tJie library, but in the dissecting-room 
and the laooratory. It is to be had, not 
by sharing your attention between these 
and sundry other subjects, but byconeen- 
trating your minds, week after week, and 
month after month, six or seven hours a 
day, upon all the complexities of organ 
and function, until each of the greater 
truths of anatomy and physiologyhas be- 
come an organic part of your minds^until 
you would know them if you were roused 
and questioned in the middle of the night, 
as a man knows the geography of his 
native place and the daily lile of his home. 
That is the sort of knowledgewhich.once 
obtained, is a life-long possession. Other 
occupations may fill your minds— it may 
grow dim, and seem to be forgi 
there it is, like the inscription 
tered and defaced coin, which 
when you warm it. 

If I had the power to remodel Medical 
Education, the first two years of the medi- 
cal curriculum should be devoted to noth- 
ing hut such thorough study of Anatomy 
and Physiology, with Physiological Chem- 
istry and Physics ; the student should then 
pass a real, practical examination in these 
subjects ; and, having gone tbfough that 
ordeal satisfactorily, he should be troubled 
no more with them. His whole mind 
should then be given with equal 
ness, to Therapeutics, in its broadest 
sense, to Practical Medicine and to Si 
eery, with instruction in Hygiene and 
Medical Jurisprudence ; and of these sub- 
jects oiilv — surely there are enough of 
them — s'iould he be required to show 
knowledge in his final examination. 

I cannot ckiim any special property ; 



this theory of what the medical curricu- 
lum should be, for I find that views, more 
or less closely approximating these, arc 
held by all who have seriously considered 
the very grave and pressing question of 
Medical Reform ; and have, indeed, been 
carried into practice, to some extent, by 
the most enlightened Examining Boards. 
1 have heard but two kinds of objections 
to them. There is, first, the objection of 
vested interests, which I will not deal 
with here, because I want to make myself 
as pleasant as I can, and no discussions 
are so unpleasant as those which turn on 
such points. And there is, secondly, the 
much more respectable objection, which 
takes the general form of the reproach 
that, in thus hmiting the curriculum, we 
are seeking to narrow it. We are told 
that the medical man ought to be a per- 
son of good education and general infor- 
mation, if his profession is to hold its own 
among other professions ; that he ought 
to know Botany, or else, if he goes abniad, 
he will not be able to tell poisonous fruits 
from edible ones; that he ought to know 
dnigs, as a druggist knows them, or he 
will not be able to tell sham bark and 
senna from the real articles ; that he ought 
to know Zoology, because — well. I really 
have never been able to learn exactly why 
he is lo be expected lo know zoology. 
There is, indeed, a popular superstition, 
that doctors know all about things that 
are queer or nasty to the general mind, 
and may, therefore, be reasonably expected 
to know the " barbarous binomials " ap- 
plicable to snakes, snails, and slugs ; an 
amount of information with which the 
general mind is usually completely satis- 
fied. And there is a scientific supersti- 
tion that Physiology' is largely aided by 
Comparative Anatomy — a superstition 
which, like most superstitions, once had a 
grain of truth at bottom ; but the grain 
has become homcepathic, since Physiology 
took its modem experimental develop- 
ment, and became what it is now, the ap- 
plication of the principles of Physics and 
Chemistry to the elucidation of the phe- 
nomena of life. 

I hold as strongly as any one can do, 
that the medical practitioner ought to be 
a person of education and good general 
culmre ; but I also hold by the old theory 
of a Faculty, that a man should have his 
general culture before he devotes himself 
to the special studies of that Faculty ; 
and 1 venture to maintain, that, if the gen- 
eral culture obtained in the Faculty of 
Arts were what it ought to be, the student 
would have quite as much knowledge of 
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the fundamental principles of Physics, of 
Chemistry, and of Biology, as lie needs. 
before he commenced his special medical 

Moreover. 1 would urge, that a thor- 
ough study of Human Physiology is, in 
itself, an education broader and more 
comprehensive than much that passes 
under that name. There is no side of 
the intellect which it does not call into 
play, no region of human knowledge into 
which either its roots, or its branches, do 
not extend ; like the Atlantic between the 
Old and the New Worlds, its waves wash 
the shores of the two worlds of matter 
and of mind ; its tributary streams flow 
from both ; through its waters, as yet un- 
turrowed by the kesl of any Columbus. 
lies the road, if such there be, from the 
one to the other ; (ar away from that 
North-west Passage of mere speculation 
in which so many brave souls have been 
hopelessly frozen up. 

But whether I am right or wrong about 

all this, the patent fact of the limitation of 

time remains. As the song runs ; — 

" IE 3. man could be sure 

That his life would endure 

For the space of a thousand Jong years " 

he might do a number of things not prac- 
ticable under present conditions. Me- 
thuselah might, with much propriety, 
have taken half a century to get his doc- 
tor's degree ; and might, very (airly, have 
been required to pass a practical exami- 
nation upon the contents of the British 
Museum, before commencing practice as 
a promising young fellow of two hundred. 
or thereabouts. But you have four years 
lo do your work in, and are turned loose, 
to save or slay, at two or three and 
twenty. 

Now, 1 put it to you. whether you think 
that, when you come down to the realities 
of life — when you stand by the sick-bed, 
racking your brains for [he principles 
which shall furnish you with the means of 
interpreting symptoms, and forming a 
rational theory of the condition of your 
patient, it will be satisfactory for you to 
hnd that those principles are not there — 
although, to use the examination slang 
which is unfortunately too familiar to n 
you can quite easily " give an account 
the leading peculiarities of the Marsupi 
lia." or '■ enumerate the chief characti 
of the Coi»positx,"ov "state the class and 
order of the animal from which Castoreum 
is obtained." 

I really do not think that state of things 
will be satisfactory to you ; I am very 




II not be so to your patient. In- 
deed, I am so narrow-mi r.ded myself, 
that if 1 had to choose between two phy- 
cians— one who did not know whether 
whale is a fish or not, and could not tell 
gentian from ginger, but did understand 
■he applications of the institutes of medi- 
cine to his art; while the other, like 
Talleyrand's doctor, "knew everything, 
a little physic " — with all my love for 
breadth of culture, I should assuredly 
consult the former. 

it pleasant to incur the suspicion 
lination to injure or depreciate 
particular branches of knowledge. But 
the fact that one of those which I should 
hesitation in excluding from the 
medical curriculum, is that to which my 
life has been specially devotee!, 
should, at any rate, defend me from the 
suspicion of being urged to this course by 
any but the very gravest considerations 
of the public welfare. 

And I should like, further, to call your 
attention to the imjiortant circumstance 
that, in thus proposing the exclusion of 
the study of such branches of knowledge 
as Zoology and Botany, from those com- 
pulsory upon the medical student. I am 
not, for a moment, suggesting their exclu- 
sion from the University. I think that 
sound and practical instruction in the ele- 
mentary facts and broad principles of 
Biology should form part of the Arts 
Curriculum: and here, happily, my theory 
is in entire accordance with jour practice. 
Moreover, as I have already said. I have 
no sort of doubt that, in view of the rela- 
tion of Physical Science to the practical 
life of the present day, it has the same 
right as Theology. Law, and Medicine, 
to a Faculty of its own in which men shall 
be trained to be professional men of sci- 
ence. It may be doubted whether Uni- 
versities are the places for technical 
schools of Engineering, or Applied Chem- 
istry, or Agriculture. But there can 
surely be little question, that instruction 
in the branches of Science which lie at 
the foundation of these Arts, of a far 
more advanced and special character than 
could, with any propriety, be included in 
the ordinary Arts Curriculum, ought to be 
obtainable by means of a duly organized 
Faculty of Science In every University. 

The establishment of such a Faculty 
would have the additional advantage of 
providing, in some measure, for one of. 
the greatest wants of our time and coui>. 
try. I mean the proper support and en-' 
couragement of original research. 

The other day, an emphatic friend of 
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mine committed himself to the opinion 
that, in England, it is better for a man's 
worldly prospects to be a drunkard, than 
to be smitten with the divine dipsomania 
of the original investigator. lam inclined 
[o think he was not far wTong. And. be 
it observed, that the question is not, 
whether such a man shall be able to 
make as much out of his abilities as 
his brother, of like ability, who goes into 
Law, or Engineering, or Commerce : it 
fs not a question of " maintaining a due 
number of saddle horses," as George 
Eliot somewhere puts it — it is a question 
of living or starving. 

If a student of my own subject shows 
sower and originality, I dare not advise 
nim to adopt a scientit^c career ; for, sup- 

Eosing he is able to maintain himself until 
e has attained distinction, 1 cannot give 
him the assurance that any amout of pro- 
ficiency in the Biological Sciences will be 
convertible into, even the most modi 
bread and cheese. And 1 believe that 
the case is as bad, or perhaps worse, v 
other branches of Science. In this 
spect Britain, whose immense wealth and 
prosperity hang ufion the thread of Ap- 
plied Science, is far behind France, and 
miinitely behind Germany. 

And the worst of it is, that it is very dif- 
ficult to see one's way to any immediate 
Cemedy for this state of affairs which shall 
be free from a tendency to become worse 
than the disease. 

Great schemes for the Endowment of 
Research have been proposed. It has 
been suggested, that Laboratories for all 
branches of Physical Science, provided 
with every apparatus needed by the in- 
vestigator, shall be established by the 
State : and shall be accessible, under due 
conditions and regulations, to all properly 
qualified persons. I see no objection to 
Oie principle of such a proposal. If it be 
legitimate to spend great sums of money 
on public Libraries and public collections 
of Painting and Sculpture, in aid of the 
men of letters, or the Artist, or for the 
mere sake of affording pleasure to the 
general public. 1 apprehend that it can- 
not be illegitimate to do as much for 
the promotion of scientific investigation. 
To take the lowest ground as a mere in- 
vestment of money, the latter is likely to 
be much more immediately profitable. 
To my mind, the difficulty in the way of 
such schemes is not theoretical, but 
practical. Given the laboratories, how 
arc the investigators to be maintained ? 
What career is open to those who have been 
thus encouraged to leave bread-winning 



pursuits? If they are to be provided tor 
by endowment, we come back to the Col- 
lege Fellowship ^ysiem. the results of 
which, for Literature, have not been so 
brilliant that one would wish to see it ex- 
tended to Science; unless sorae much 
better securities, than at present exist, can 
be taken that it will foster real work. 
You know that among the Bees.. it de- 
pends on the kind of cell in wiiich the ej^ 
■- deposited, and the quantity and quality 
food which is supplied to the grub, 
whether it sliall turn out a busy little 
worker or a big idle cueen. And, in the 
human hive, the cells of the endowed 
larv^ are always tending to enlarge, and 
their food to' improve, until we get 
queens, beautiful to behold, but whicli 
gather no honey and build no comb. 

I do not say that these dilTiculties may 
not be overcome, but their gravity is not 
to be lightly estimated. 

In the mean while, there is one step in 
the direction of the endowment of re- 
search which is free from such objections, 
It is possible to place the scientific in- 
quirer in a position in which he shall have 
ample leisure and opportunity for original 
work, and yet shall Kive a fair and tangi- 
ble equivalent for those privileges. The 
establishment of a Faculty of Science in 
every University, implies that of a corre- 
sponding number of Professorial chairs, 
the incumbents of which need not be so 
burdened with teaching as to deprive 
them of ample leisure for original work. 
1 do not think that it is any impediment 
to an original investigator to have to de- 
vote a moderate portion of his time to 
lecturing, or superintending practical in- 
struction. On the contrary, I think it 
may be, and often is, a benefit to be 
obliged to take a comprehensive survey 
of your subject ; or to bring your results 
to a point, and give them, as it were, a 
tangible objective existence. The beset- 
ting sins of the investigator are two : the 
one is the desire to put aside a subject, 
the general bearings of which he has 
mastered himself, and pass on to some- 
thing which has the attraction of novelty : 
and the other, the desire for too much 
perfection, which leads him to 



to spend the energies which should be 
reserved for action, in whitening the decks 
and polishing the guns. 

But supposing the Professorial forces 
of our University to be duly organized, 
there remains an important question, re- 
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latJng to the teaching power, to be consid- 
I ererf. Is the Professorial system — the sys- 

tem, 1 me'an, of teaching in the lecture-room 
alone, and leaving ihe 'student to find his 
own way when he is outside tile lecture- 
room — adequate to the wants of learners? 
In answering this question, I confine my- 
self to my own province, and I venture to 
reply for Physical Science, assuredly and 
undoubtedly, No. As I have already in- 
timated, practical work in the Laboratory 
is absolutely indispensable, and that prac- 
lit^l work must be guided and superin- 
tended by a sufficient staff of Demonstra- 
tors, who are for Science what Tutors are 
for other branches of study. And there 
must be a good supply of such Demon- 
strators. I doubt if the practical work of 
more than twenty students can be prop- 
erly superintended by one Demonstrator. 
1£ we take the working day at six hours, 
that is less than twenty minutes apiece — 
I not a very large allowance of time for 

helping a dull man, for correcting an in- 
accurate one, or even for making an 
intelligent student clearly apprehend 
what he is about. And, no doubt, the 
supplying of a proper amount of this tuto- 
rial, practical teaching, is a difficulty in 
the way of giving proper instruction in 
Physical Science in such Universities as 
that of Aberdeen, which are devoid of en- 
dowments ; and, unlike theEnglish Univer- 
sities, have no claim on the funds of rich- 
ly endowed bodies to supply their wants. 
Examination — thorough, searching ex- 
amination^is an indispensable accom- 
paniment of teaching ; but I am almost 
inclined to commit myself to the very 
heterodox proposition that it is a necessa- 
ry evil. I am a very old Examiner, hav- 
ing, for some twenty years past, been oc- 
cupied with examinations on a considera- 
ble scale, of all sorts and conditions of 
men. and women too, — from the boys 
and girls of elementary schools to the 
candidates for Honors and Fellowships 
in the Universities. 1 will not say that, 
in this case as in so many others, the ad- 
age, that familiariiy breeds contempt, 
holds good i but my admiration for the 
existing system of examination and its 
products, does not wax warmer as I see 
more of it. Examination, like fire, is a 
good servant, but a bad master : and 
there seems to be some danger of its be- 
coming our master. I by no means 
stand alone in this opinion. Experienced 
friends of mine do not hesitate to say 
that students whose career they watch, 
appear to them to become deteriorated by 
the constant effort to pass this or that 






brains becoming affected by the daily n 
ceasity of catching a train. They woi 
to pass, not to know : and outraged 
Science takes her revenge. They do 
pass, and they don't know. 1 have 
passed sundry examinations in my time, 
not without credit, ajid I confess I am 
ashanied to think how very little real 
knowledge underlay the torrent of stuff 
which 1 was able to pour out c 
In fact, that which examination, a: 
narily conducted, teHs, is simply a 
power of work under stimulus, and b 

capacity for rapidly and clearly prod ucit 

that which, for the time, he has got into 
his mind. Now, these faculties are by no 
means to be despised. They are of great 
value in practical life, and are the m^ing 
of many an advocate, and of many a so- 
called statesman. But in the pursuit ot 
truth, scientific or other, they count for 
very Utile, unless they are supplemented 
by that long-continued, patient ■' intend- 
ing of the mind," as Newton phrased It, 
which makes very little show in Examina- 
tions. I imagine that an Examiner who 
knows his students personally, must not 
unfrequenily have found himself in the 
position of finding A's paper better than 
B's. though his own judgment tells him, 
quite clearly, that B is the man who has 
the larger share of genuine capacity. 

Again, there is a fallacy about Exam- 
iners. It is commonly supposed that any 
one who knows a subject is competent to 
teach it : and no one seems to doubt that 
any one who knows a subject is compe- 
tent to examine in it. I believe both 
these opinions to be serious ipistalfes : 
the latter, perhaps, the more serious of the 
two. in the first place, I do not believe 
that any one who is not. or has not been, 
a teaclier is really qualified to examine 
advanced students. In the second place. 
Examination is an Art. and a difficult one, 
which has to be learned like all other arts. 

Beginners always set too difficult ques- 
tions — partly because they are afraid of 
being suspected of ignorance if they set 
easy ones, and partly from not under- 
standing their business. Suppose that 
you want to test the relative physical 
strength of a score of young men. You 
do not put a hundredweight down before 
them, and tell each lo swing it round. 
If you do, half of them won't be able to 
lift it at all. and only one or two will be 
able to perform the task. You must give 
them half a hundredweight, and see now 
they maneuver that, if you want to form 
■ of the muscular strength of 
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each. So. a practiced Examiner will seek 
for information respecting the mental 
vigor and training of candidates from the 
way in which ihey deal with questions 
easy enougli to let reason, memory, and 
method have free play. 

No doubt, a great deal is to be done by 
the careful selection of Examiners, and 
by the copious introduction of practical 
work, to remove the evils inseparable 
from examination ; but. under the best of 
I believe that examination 
but an imperfect test of knowl- 
edge, and a still more imperfect test of 
capacity, while it tells nent to nothing 
idiouta man's power as an investigator. 

There is much to be said in favor of 
restricting the highest degress in each 
Faculty, to those who have shown evi- 
ttenceof such original power, by prosecut- 
ing a research under the eye of the Pro- 
cessor in whose province it lies : or, at any 
rate, under conditions which shall afford 
satisfactory proof that the work is theirs. 
TTie notion may sound revolutionary, but 
it is really very old ; for, I take it, that it 
lies at the bottom of that presentation of 
a thesis by the candidate for a doctorate, 
which has now, too often, become little 
better than a matter of form. 

Thus far. I have endeavored to lay be- 
fore you, in a too brief and imperfect man- 
ner, my views respecting the teaching 
half — the Magistri and Regenies — of the 
University of the Future. Now iet me turn 
to the learning half— the Scholares. 

If the Universities are to be the sanct- 
uaries of the highest culture of the coun- 
try, those who would enter that sanctuary, 
must not come with unwashed hands. 
II the good seed is to yield its hundred- 
fold harvest, it must not be scattered 
amidst the stones of ignorance, or the 
tares of undisciplined indolence and wan- 
tonness. On the contrary, the soil must 
have been carefully prepared, and the Pro- 
fessor should find that the operations of 
clod-crushing, draining, and weeding, and 
even a good deal of planting, have been 
done by the Schoolmaster. 

That is exactly what the Professor 
docs not find in any University in the 
three Kingdoms that I can hear of — the 
reason of which state of things lies in the 
extremely faulty organization of the ma- 
jority of^ secondary Schools. Students 
come to the Universities ill-prepared in 
classics and mathematics, not at all pre- 
pared in anything else ; and half their 
time is spent in learning that which they 
ought to have known when they came. 

s hear it said that the Scot- 



tish Universities differ from the English. 
in being to a much greater exteiy places 
of comparatively elementary education for 
a younger class of students. But it would 
seem doubtful if any great difference of 
this kind really exists ; for a high author- 
ity, himself Head o( an English College, 
has solemnly affirmed that: "Elementary 
leaching of youths under twenty is now 
the only function performed by the Uni- 
versity ; " and that Colleges are " boarding 
schools in which the elements of the 
learned languages are taught to youth," • 
litis is not the first time that 1 have 

Sooted those remarkable assertions, I 
lould like to engrave them in public 
view, for they have not been refuted ; and 
I am convinced that it their import is 
once clearly apprehended, they will play 
no mean part when the question of Uni- 
versity reorganization, with a view to 
practical measures, comes on for discus- 
sion. You are not resjionsible for this 
anomalous state of affairs now; but, as 
you pass into active life and acquire the 
political influence to which your education 
and your position should entitle you. you 
will become responsible for it. unless each 
in his sphere does his best to alter it, by 
insisting on the improvement of secondary 
Schools. 

Your present responsibility is of an- 
other, though not less serious, kind. In- 
stitutions do not make men. any more 
than organization makes life; and even 
the ideal University we have been dream- 
ing about will be but a superior piece of 
mechanism, unless each student strive 
after the ideal of the Scholar. And that 
ideal, it seems to me, has never been bet- 
ter embodied than by the great Poet, who, 
though lapped in luxury, the favorite of a 
Court, and the idol of his coimtrymen, 
remained through all the length of his 
honored years a Scholar in Art. m Science, 
and in Life. 

Would'sl shape a noble life? Then cast 
No backward glanceE loward the past r 
And though somewhat l>e lost and gone. 
Yet do thou act as one new-born. 
What each day needs, that shall thou ask j 
Each day will set ils proper task. 
Give other's work just share of praise ; 
Not of thine own the merits raise. 
Beware no fellow man Ihou hale; 
And so in God's hands leave Ihy fate.t 
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TECHNICAL EDUCATION* 

Any candid observer of the phe- 
nomena of modern society will readily 
admit* that bores must be classed 
among the enemies of the human 
race; and a Hide consideration will 
probably lead him to the further ad- 
mission, that no species of that ex- 
tensive genus of noxious creatures is 
more objectionable tlian the educa- 
tional bore. Convinced as I am of 
the truth of tliis great social general- 
izalion, it is not without a certain 
trepidation that 1 venture to address 
you on an educational topic, For, in 
ihe course of the last ten years, to go 
back no farther, 1 am afraid to say 
how often I have ventured to speak 
of education, from that given in the 
primary schools to that which is to 
be had in the uoiversities and medical 
colleges; indeed, the onlypart of this 
wide region into which, as yet, I have 
not adventured is that into which I 
propose to intrude lo-day. 



Thus. I cannot but be aware that I 
am dangerously neat becoming the 
thing which all men fear and fly. 
But I have deliberately elected to run 
the risk. For when yoti did me the 
honor to ask me to address you, an 
unexpected circumstance had led me 
to occupy myself seriously with the 
question of technical education ; and 
I had acquired the conviction that 
there are few subjects respecting 
which it is more important for all 
classes of the community to have clear 
and just ideas than this; while, cer- 
tainly, there is none which is more 
deserving of attention by the Working 
Men's Club and Institute Union. 



It 
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express an 
opinion whether the considerations, 
which I am about to submit to you, 
will be proved by experience to be 
just or not ; but I will do my best to 
make them clear. Among the many 
good things to be found in Lord 
Bacon's works, none is more full of 
wisdom than the saying that "truth 
more easily comes out of error than 
out of cfonfusion." Clear and consec- 
utive wrong-thinking is the next best 
thing to right-tliinking ; so that, if I 
succeed in clearing your ideas on this 



topic, I shall have wasted neither your 
time nor my own. 

" Technical education," in the sense 
in which the term is ordinarily used, 
and in which I am now employing it, 
means that son of education which is 
specially adapted to the needs of men 
whose business in life it is to pursue 
some kind of handicr.ift ; it is, in 
fact, a fine Greco- Latin equivalent for 
what in good vernacular English 
would be called " the teaching of 
handicrafts." And probably, at this 
stage of our progress, it may occur to 
many of you to think of the story of 
ihe cobbler and his last, and to say 
to yourselves, though you will be too 
polite to put the question openly to 
me. What does the speaker know 
practically about this matter ? What 
is his handicraft ? I think the ques- 
tion is a very proper one, and unless 
I were prepared to answer it, I hope 
satisfactorily, I should have chosen 
some other theme. 

The fact is, I am, and have been, 
any time these thirty years, a man 
who works with his hands — a handi- 
craftsman, I do not say this in the 
broadly metaphorical sense in which 
fine gentlemen, with all the delicacy 
of Agag about them, trip to the hust- 
ings about election time, and protest 
that they too are working men. I 
really mean my words to be taken in 
their direct, literal, and straightfor- 
ward sense. In fact, if the most 
nimble -fingered watchmaker among 
you will come to my workshop, he 
may set me to put a watch together, 
and I will set him to dissect, say, a 
blackbeetle'a nerves. I do not wish 
to vaunt, but 1 am inclined to tliink 
that I shall manage my job to his 
satisfaction sooner than he will do his 
piece of work to mine. 

In truth, anatomy, which is my 
handicraft, is one of the most difficult 
kinds of mechanical labor, involving, 
as it does, not only ligiitness and 
elexterity of hand, but sharp tyes and 
endless patience. And you must not 
suppose that my particular branch of 
science is especially distinguished for 
;he demand it makes upon skill in 



ipulation. A similar requirement 
is made upon all students of physical 
science. The astronomer, the elec- 
trician, the chemist, the mineralogist, 
the botanist, are constantly called 
upon to perform manual operations of 
exceeding delicacy. The progress of 
all branches o£ physical science de- 
pends upon observation, or on that 
artificial observation which is termed 
experiment, of one kind or another; 
and, the farther we advance, the more 
practical difiiculties surround the in- 
vestigation of the conditions of the 
problems offered to us ; so that mobile 
and yet steady hands, guided by clear 
vision, are more and more in request 
in the workshops oE science. 

Indeed, it has struck me tliat one 
of the grounds of that sympathy be- 
tween the handicraftsmen of this 
country and the men of science, by 
which it has so often been my 
good fortune to profit, may, perhaps, 
lie here. You feel and we feel that, 
among the so-called learned folks, 
we alone are brought into contact 
with tangible facts in the way that 
you are. Vou know well enough that 
it is one thing to write a history of 
chairs in general, or to address a 
poem to a throne, or to speculate 
about the occult powers of the chair 
of St. Peter ; and quite another thing 
to make with your own hands a verit- 
able chair, that will stand fair and 
square, and afford a safe and satis- 
factory resting-place to a frame of 
sensitiveness and solidity. 

So it is with us, when we look out 
from our scientific handicrafts upon 
the doings of our learned brethren. 
whose work is uutrammeled by any- 
thing " base and mechanical," as 
handicrafts used to be called when 
the world was younger, and in some 
respects less wise than now. We take 
the greatest interest in their pursuits; 
We are edified by their histories and 
are charmed with their poems, which 
sometimes illustrate so remarkably 
the powers of man's imagination; 
some of us admire and even humbly 
try to follow iliem in their high phi- 
losophical eKcursious, though we 
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know the risk of being snubbed by 
ihe inquiry whetlier groveling dissect- 
ors of monkeys and blackbeetles can 
hope to enter into llie empyreal king- 
dom of s[jeculation. But still we feel 
that otir business is different; hum- 
bler if you will, though the diminu- 
tion of dignity is, perhaps, compen- 
sated by the increase of reality ; and 
chat we, like you, h;ive to get our 
ivork done in a region where Utile 
avails, if the power of dealing with 
practical tangible facts is wanting. 
You know that clever talk touching 
joinery will not make a chair ; and I 
know that it is of about as much 
value in the physical sciences. 
Mother Nature is serenely obdurate 
to honeyed words ; only those who 
understand the wavs of things, and 
can silently and effectually handle 
them, get any good out of her. 

And now, having, as I hope, justi- 
fied my assumption of a place among 
handicraftsmen, and put myself right 
with you as to my qualilicalion, from 
practical knowledge, to speak about 
technical education, I will proceed to 
lay before you the results of m)- expe- 
rience as a teacher of a handicraft, 
and tell you what sort of education I 
should think best adapted for a boy 
whom one wanted lo make a profes- 
sional anatomist. 

I should say, in the first place, let 
him have a good English elementary 
education. I do not mean that he 
shall be able to pass in such and such 
a standard — that may or may not be 
an equivalent expression — but that 
hj.s leaching shall liave been such as 
to have given him command of the 
common implements of learning and 
to have created a desire for the things 
of the understanding. 

Further, I should like him to know 
• the elements of physical science, and 
especially of phvsics and chetnistr)', 
and I should take care that this ele-. 
mentary knowledge was real. [ 
should like my aspirant lo be able to 
read a scientific treatise in Latin, 
French, or German, because an enor- 
mous amount of anatomical knowl- 
edge is locked up in those languages. 



And especially, I should require some 
ability to draw — I do not mean artist- 
ically, for that is a gift which may be 
cultivated but cannot be learned, but 
with fair accuracy. I will not say 
that everybody can learn even this; 
for the negative development of the 
faculty of drawing in some people is 
almost miraculous. Still everybody, 
or almost everybody, can learn to 
write ; and, as writing is a kind of 
drawing, I suppose that the majority . 
of the people who say they cannot 
draw, and give copious evidence of 
the accuracy of their assertion, could 
draw, after a fashion, if they tried. 
And that " after a fashion " would be 
better than nothing for my purposes. 

Above all things, let my imaginary 
pupil have preserved the freshness 
and vigor of youth in his mind as well 
as his body. The educational abomi- 
nation of desolation of the present 
day is the stimulation of young people 
to work at high pressure by ii 
competitive examinations, 
wise man (who probably was 
early riser) has said of early r 
general, that they a 
the forenoon and stupid all the after- 
noon. Now whether this is true of 
early risers in the common accepta- 
tion of the word or not, I will not 
pretend to say ; but it is too often 
true of the unhappy children who are 
forced to rise too early in their classes. 
They are conceited all the forenoon 
of life, and stupid all ils afternoon. 
The vigor and freshness, which should 
have been stored up for the purposes 
of the hard stntggle for existence in 
practical life, have been washed out 
of them by precocious mental de- 
bauchery — by book glutton v and 
[esson bibbing. Their faculties are 
worn out by the strain put upon their 
callow brains, and they are demor- 
alized by worthless childish triumphs 
before the real work of life begins. 
I have no compassion for sloth, but 
youth has more need for intellectual 
rest than age ; and the cheerfulness, 
the tenacity of purpose, the power of 
work which make many a successful 
man what he is, must often be placed 
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to the credit, not of his hours of in- 
dustry, but to that of his hours of idle- 
ness, in hoyhoocl. Even the hardest 
worker of us all, if he has \o deal with 
anylhing above mere deiails, will do 
well, now and again, to let his brain 
lie fallow for a space. The next crop 
of thought will certainly be ail the 
fuller in the ear and the weeds fewer. 

This is the sort of education which 
I should like any one who was going 
lo devote himself to my handicraft to 
undergo. As lo knowing anything 
about anatomy itself, on the whole I 
would rather he left that alone until 
he took it up seriously in my labora- 
tory. It is hard work enough to teach, 
and I should not like to have super- 
added to that the possible need of 
un teaching. 

Well, but, you will say, this is 
Hamlet with the Prince of Denmark 
left out ; your " technical education " 
is simply a good education, with more 
attention to physical science, to draw- 
ing, and to modern languages, than is 
common, and there is nothing spe- 
cially technical about it, 

Exaclly so; that remark takes us 
straight to the heart of what I have to 
say; which is, that, in my judgment, 
the preparatory education of the 
handicraftsman ought to have noth- 
ing of what is ordinarily understood 
by " technical " about it. 

The workshop is the only real 
school for a handicraft. The educa- 
tion which precedes that of the work- 
shop should be entirely devoted to 
the strengthening of the body, the 
elevation of the moral faculties, and 
the cultivation of the intelligence ; 
and, especially, to the imbuing the 
mind with a broad and clear view of 
the laws of [hat natural world with 
the components of which the handi- 
craftsman will have to deal. And, 
the earlier the period of life at which 
the handicraftsman has to enter into, 
actual practice of his craft, t!ie more 
important is it that he should devote 
the precious hours of preliminary edu- 
cation to things of the mind, which 
have no direct and immediate bearing 
on his branch of industry, though 



they lie at the foundation of all reali- 

Now let me apply the lessons I 
have learned from my handicraft to 
yours. If any of you were obliged to 
lake an apprentice, I suppose you 
would like to get a good healthy lad, 
ready and willing lo learn, handy, and 
wilh his fingers not all thumbs, as iJie 
saying goes. You would like that he 
should read, write, and cipher well; 
and, if you were an intelligent master, 
and your trade involved the applica- 
tion of scientific principles, as so 
many trades do, you would like him 
to know enough of the elementary 
principles of science to understand 
what was going on. I suppose that, 
in nine trades out of ten, it would be 
useful if he could draw; and many 
of you must have lamented your in- 
ability to find out for yourselves what 
foreigners are doing or have done. 
So that some knowledge of French 
and German might, in many cases, be 
very desirable. 

So it appears to me that what you 
want is pretty much what 1 want; 
and the practical question is. How 
you are to get what you need, under 
the actual limitations and conditions 
of life of handicraftsmen in this coun- 
tr;-. 

I think I shall have the assent both 
of the employers of labor and of the 
employed as to one of these limita- 
tions; which is, that no scheme of 
technical education is likely to be se- 
riously entertained which will delay 
the entrance of hoys into working life, 
or prevent them from contributing tc^- 
ward their own support, as early as 
they do at present. Not only do I be- 
lieve that any such scheme could not 
be carried out, but I doubt its desira- 
bleness, even if it were practicable. 

The period between childhood and 
manhood is full of difficulties and 
dangers, under the most favorable cir- 
cumstances; and, even among the 
well-to-do, who can afford to surroimd 
their children with the most favorable 
conditions, e.\amples of a career 
ruined, before it has well begun, are 
but too frequent. Moreover, thos^- 
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who bave to live by labor must be 
shaped to labor early. The colt that 
is left at grass too long makes but a 
sorry draugbt-horae, ihougli his way 
of life does not bring hiin wilhin the 
reach of arlificia! temptations. Per- 
haps the most valuable result of all 
education is the ability to make your- 
self do the thing you have to do, ivhen 
it ought to be done, whether you like 
it or not; it is the first lesson that 
ought to be learned; and, however 
early a man's training begins, it is 
probably ihe last lesson that he learns 
thoroughly. 

There is another reason, to which I 
have already adverted, and which 1 
would reiterate, why any extension of 
the time devoted to ordinary school- 
work is undesirable. In the newiy 
awakened zeal for education, we run 
some risk of forgetting the truth that 
while under-inst ruction is a bad thing, 
over-in St ruction may possibly be a 

Success in any kind of practical life 
is not dependent solely, or indeed 
chiefly, upon knowledge. Even in 
the learned professions, knowledge, 
alone, is of less consequence than 
people are apt to suppose. And, if 
much expenditure of bodily energy is 
involved in the day's work, mere 
knowleilge is of still less importance 
when weighed against the probable 
cosl of its acquirement. To do a fair 
day's work with his hands, a man 
needs, above all things, health, 
strength, and the patience and cheer- 
fulness which, if they do not always 
accompany these blessings, can hardly 
in the nature of things exist without 
them ; to which we must add honesty 
of purpose and a pride in doing what 
is done well. 

A good handicraftsman can get on 
very well without genius, but he will 
fore badly without a reasonable share 
of that which is a more useful posses 
sion for workaday life, namely, moiher 
wit; and he will be all the belter foi 
a real knowledge, however limited, of 
the ordinary laws of nature, and es- 
pecially of those which apply to his 
own business. 



carried so far as to help 
the scholar to turn his store of 
mother-wit to account, to acquire a 
fair amount of sound elementary 
ledge, and to use his hands and 
eyes ; while leaving him fresh, vigor- 
and with a sense of the dignity , 
of hia own calling, whatever it may be, 
,f fairly and honestly pursued, cannot 
fail to be of invaluable service to all 
those who come under its influence, 
the other hand, if school 
is carried so far as to en- 
courage bookishness ; if the ambition 
of the scholar is directed, not to the 
gaining of knowledge, but to the being 
able to pass examinations success- 
fully; especially if encouragement is 
given to the mischievous delusion that 
brainwork is, in itself, and apart from 
its quality, a nobler or more respecta- 
ble thing than handiwork — such edu- 
cation may be a deadly mischief to 
the workman, and lead to the rapid 
in of the industries it is intended to 

I know that I am expressing the 
opinion of some of the lat^est as welt 
as the most enlightened employers 
of lalior, when I say that there is a 
real danger that, from the extreme of 
no education, we may run to the other 
extreme of over-education of handi- 
craftsmen. And I apprehend that 
what is true for the ordinary hand- 
worker is true for the foreman. Act- 
ivity, probity, knowledge of roen, 
ready mother-wit, supplemented by a 
good knowledge of the general prin- 
ciples involved In his business, are the 
making of a good foreman. If he 
possess these qualities, no amount of 
learning will fit him better for his po- 
sition ; while the course of life and 
the habit of mind required for the at- 
tainment of such learning may, in va- 
rious direct and indirect ways, act as 
direct disqualifications for it.' 

Keeping in mind, then, that the two 
things to be avoided are, the delay of 
the entrance of boys into practical 
life, and the substitution of exhausted 
bookworms for shrewd, handy men, 
in our works and factories, let us con- 
sider what may be wisely and safely 
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attempted in Ihe way of improving 
llie education of the handicraftsman. 

First, I look to tlie elemenlary 
schools now happily established all 
over the cotnitry. 1 am not going to 
criticise or find fniilc with them; on 
the contrary, iheir establishment 
seems to nie to be ihe most important 
and the most beneficial result of ihe 
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ously, as the putting down both \be 
Bashi-iiazouks of ignorance and ihe 
Cossacks of sactarianisni at home. 
What has alreadv been achieved in 
these directions is a great ihing; you 
must have lived some time lo know 
how great. An education, better in 
its processes, better in its substance, 
than that which was accessible to the 
great majority of well-to-do Britons a 
quarter of a century ago, is now ob- 
tainable by every child in ihe land. 
Let any man oE my age go into an ordi- 
nary elementary school, and, unless he 
waij unusually fortunate in his yo 
he will tell you that the educational 
method, the intelligence, patience, and 
good temper on the teacher's part, 
which are now at the disposal of the 
veriest waifs and wastrels of society, 
things of which he had no experience 
in those costly middle-class schools, 
which were so ingeniously contrived 
as to combine all the evils and short- 
comings of the great public schools 
with none of their advantages. Many 
a man, whose so-called education cost 
a good deal of valuable money and 
occupied many a year of invaluable 
time, leaves the inspection of a well- 
ordered elementary school devoutly 
wishing that, in his young days, he 
had had the chance of being as well 
taught as these boys and girls are. 

But while in view of such an ad- 
vance in general education, I willingly 
obey the natural impulse to be thank- 
ful, I am not willing altogether to 
rest. I want lo see instruction in el- 
ementary science and in art more 
thoroughlv incorporated in the educa- 



tional system. At present, it is being 
administered by driblets, as if it werr 
a potent medicine, " a few drops lo bc 
takeo occasionally in a teaspoon. " 
Every year I notice that that earnest 
and untiring friend of yours and of 
mine, Sir John Lubbock, stirs up the 
Government of the day in the House 
of Commons on this subject ; and also 
that, every year, he and the few mem- 
bers of ihe House of Commons, such 
as Mr. Playfair, who sympathize with 
him, are met with expressions of warm 
admiration for science in general, and 
leasons at large for doing nothing in 
particular. Bnt now that Mr. Forster, 
to whom the education of the country 
owes so much, has announced his con- 
version to the right faith, I begin to 
hope that, sooner or later, things will 

I ha\'e given what I believe to be a 
good reason for the assumption, thai 
the keeping at school of boys who are 
to be handicraftsmen, bevond the age 
of thirteen or fourteen is neither 
practicable nor desirable; and, as it 
is quite certain, that with justice hj 
other and no less important branches 
of education, nothing more than the 
nidiments of science and art teaching 
can be introduced into elementar\' 
schools, we must seek elsewhere for 
a supplementary training in these sub- 
jects, and, if need be, in foreign lan- 
guages, which may go on after the 
workman's life has begun. 

The means of acquiring the scien- 
tific and artistic part of this training 
already exists in full working order, 
in the first place, in the classes of 
the Science and Art Department, 
whicli are, for the most part, held in 
the evening, so as to be accessible lo 
all who choose to avail themselves of 
them after worldng hours. The great 
advantage of these classes is that thev 
bring the means of instruction to the 
doors of the factories and workshops; 
that they are no artificial creations, 
but by their very existence prove the 
desire of the people for them ; and 
finally, that they admit of indefinite 
development in proportion as they are 
wanted. I have often expressed the 
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opinion, and I repeat it here, that, 
during the eighteen years they have 
been in existence, these classes have 
done incalculable good; and I can 
say, of my own knowledge, that the 
Department spares no pains and 
trouble in trying to increase their use- 
fulness and ensure the soundness of 
their work. 

No one knows betli 
Colonel Donnelly, 
views and great adn 
ties so much of the 
iogof the science cl: 
tliere is much to be done before the 
system can be said to be ihorougbly 
satisfactory. The instruction given 
needs to be made mo re systematic and 
especially more practical ; the teach- 
ers are of verv unequal excellence, 
and not a few stand much in need of 
instruction themselves, not only in the 
subjects which they teach, but in the 
objects for which they teach. I dare- 
say you have heard ol that proceeding, 
reprobated by all true sportsmen, 
which is called " shooting for the pot." 
Well, there is such a thing as " leach- 
ing for the pot "—teaching, that is, 
not that your scholar may know, but 
that he may count for payment among 
those who pass the examination ; and 
there are some teachers, happily not 
many, who have yet to learn thai the 
examiners of the Department regard 
them as poachers of the worst descrip- 

Without presuming in any way to 
spea}c in the name of die Department, 
I chink I may say, as a matter which 
has come under my own observation, 
that it is doing its best to meet all 
these difficulties. It systematically 
promotes practical instruction in the 
classes; it affords facilities to teach- 
ers who desire to learn their business 
thoroughly ; and it is always ready to 
aid in the suppression of pot-teaching. 

All this is, as you may imagine, 
highly satisfactory to me. I see that 
spread of scientific education, about 
which I have so often permitted my- 
self to worry the public, become, for 
all practical purposes, an accom- 
plished fact. Grateful as I am for all 



that is now being done, in the same 
direction, in our higher schools and 
universities, I have ceased to have 
any anxiety about the wealthier 
classes. Scientific knowledge is 
spreading by what the alchemists 
called a "distillatio per ascensum;" 
and nothing now can prevent it from 
continuing to -distil upward and per- 
meate English society until, in the re- 
mote future, there shall be no member 
of the legislature who does not know 
as much of science as an elementary 
school-boy; and even the heads of 
houses in our venerable seats of learn- 
ing shall acknowledge that natural 
science is not merely a sort of Uni- 
versity backdoor through which infe- ' 
rior men may get at their degrees. 
Perhaps this apocalyptic vision is a 
little wild ; and I feel I ought to ask 
pardon for an outbreak of enthusiasm', 
which, 1 assure you, is not my com- I 
monest failing. 

I have said that the Government is I 
already doing a great deal in aid of ■ 
that kind of technical education for ' 
handicraftsmen which, to my mind, i 
alone worth seeking. Perhaps it Ls 
doing as much as it ought to do, even 
in this direction. Certainly there is 
another kind of help of the most im- 
portant character, for which we may 
look elsewhere than to the Govern- 
ment. The great mass of mankind 
have neither the liking, or the apti- 
tude, for either literary, or scientilic, 
or artistic pursuits ; nor, indeed, for 
excellence of any sort. Their ambi- 
tion is to go through life with moder- 
ate exertion and a fair share of ease, 
doing common things in a common 
way. And a great blessing and com- 
fort it is that the majority of men are of 
this mind; for the majority of tilings 
to be done are common things, and 
are quite well enough done when com- 
monly done. The great end of life is 
not knowledge but action. What men i 
need is, as much knowledge as they 
can assimilate and organize into a 
basis for action ; give them more and 
it may become injurious. One knows 
people who are as heavy and stupid 
from undigested learning as others 
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are from overfulness of meat and 
drink. Bui a small percentage of ihe 
population is born with that most ex- 
cellent quality, a desire for excellence, 
or with sjiecial aptitudes of some sort 
or another; Mr. Gallon tells us that 
not more than one in four thousand 
may be expected to attain distinction, 
and not more than one in a million, 
some share of that intensity of in- 
stinctive aptitude, that burning thirst 
for excellence, which is called genius. 

Now, the most important object of 
alt educational schemes is to catch 
these exceptional people, and turn 
them to account for the good of soci- 
ety. No man can say \vhere they will 
crop up ; like their op posites, the fools 
and knaves, they appear sometimes in 
the palace, and sometimes in liie 
hovel ; but the great thing to be aimed 
at, I was almost going to say the most 
important end ot all social arrange- 
ments, is to keep these glorious sports 
of Nature from being either cor- 
rupted by luxury or starved by poverij-, 
and to put them into the position in 
which they can do the work for which 
they are specially fitted. 

Thus, if a lad in an elementary 
school showed signs of special capaci- 
ty, 1 would try to provide him with 
the means of continuing his educa- 
tion after his daily working life had 
begun ; if, in the evening classes, he 
developed special capabilities in Ihe 
direction of science or of drawing, I 
would try to secure him an appren- 
ticeship to some trade in which those 
powers would have applicability. Or, 
if he chose to become a teacher, he 
should have the chance of so doing. 
Finally, to the lad of genius, the one in 
amilHon, I would make accessible the 
highest and most complete training 
the country could afford, Whatever 
that might cost depend upon it the in- 
vestment would be a good one. I 
weigh my words when I say that if the 
nation could purchase a potential 
Watt, or Davy, or Faraday, at the cost 
of a hundred thousand pounds down, 
he would be dirt-cheap at the money. 
It is a mere commonplace and every- 
day piece of knowledge, that what 



these three men did has produced un- 
told millions of wealth, in the narrow- 
est economical sense of [he word. 

Therefore, as the sum and crown of 
what is to be done for technical edu- 
cation, I look to the provision of a 
machinery for winnowing out the ca- 
pacities and giving them scope. When 
I was a member oi the London School 
Board, I said, in Ihe course of a 
speech, that our business was to pro- 
vide a ladder, reaching from the gut- 
ter 10 the university, along which 
every child in the three kingdoms 
should have the chance of climbing as 
far as he was fit to go. This phrase 
was so much bandied about at the 
time, that, to say the truth, I am rath- 
er tired of it , but I know ot no other 
which so fully expresses my belief, 
not only about education in general, 
but about technical education in par- 
ticular. 

The essential foundation of aM the 
organization needed for the promo- 
tion of education among handicrafts- 
men will, I believe, exist in this coun- 
tr;-, when every working lad can feel 
that society has done as much as lies 
in its power to remove all needless 
and artificial obstacles from his path ; 
that there is no barrier, except such 
as exists in the nature of things, be- 
tween himself and whatever place in 
the social organization he is fitted to 
fill; and, more than this, that, if he 
has capacity and induslrj', a hand is 
hL-ld out to help him along any path 
which is wisely and honestly chosen. 

I have endeavored to point out to 
you that a great deal of such an or- 
ganization already exists; and I am 
glad to be able to add that there is a 
good prospect that what is wanted will, 
before long, be supplemented. 

Those powerful and wealthy socie- 
ties, the livery companies of the City 
of London, remembering that they are 
the heirs and representatives of ihe 
trade guilds of the Middle Ages, are 
interesting themselves in the question. 
So far back as i^-ji the Socielyof Arts 
organized a system of instruction in 
the technology of arts and manufact- 
ures, for i^ersons actually employed 
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in factories and workshops, who de- 
sired lo extend and improve their 
knowledge of the theory aivd practice 
of their parlicular avocations ; ' and 
a considerable subsidy, in aid o£ the 
dTorts of the Society, was liberally 
granted by the Clothworkers' Com- 
panj'. We have here the hopeful 
commencement of a rational organiza- 
tion for the promotion of excellence 
among handicraftsmen. Quite re- 
cently, other of the livery companies 
have determined upon giving their 

(powerful, and, indeed, almost bound- 
less, aid to the improvement of 
the teaching of handicrafts. They 
have already gone so far as to ap- 
point a committee to act for ihem ; 
and I betray no confidence in adding 
that, some time since, the committee 
sought the advice and assistance of 
several persons, myself ainong (he 

Of course I cannot tell you what 
may be the result of (he deliberations 
of the commiite ; but we may all fairly 
hope that, before long, steps which 
I will have a weighty and a lasting in- 

fluence on the growth and spread of 
sound and thorough teaching among 
the handicraftsmen f of this country 
will be taken by the livery companies 
of London. 

[This hope has been fully justified by the 
eBtablishmenl of the Cowper .Street Schools, 
and thai •>! the Central InatilutiDn of the 
City and Guilds of London ln!iliLule,[ 



The great body of theoretical and 
practical knowledge which has been 
accumulated by the labors of some 
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eighty generations, since the dawn o 
scientific thought in Europe, has t 
collective English name to wiiich ; 
objection may not be raised; and I 
use the term " medicine " as that 
whicli is least likely to be misunder- 
stood ; though, as every one knows, 
the name is commonly applied, in a 
sense, lo one of the chief 
of the totality of medical 



Taken in this broad sense, "medi- 
cine " not merely denotes a kind of 
knowledge, but it comprehends the 
various applications of that knowledge 
lo the alleviation of the sufferings, the 
repair of the injuries, and the conser- 
vation of the health, of living beings. 
In fact, the practical aspect of medi- 
cine so far dominates over every 
other, that the " Healing Art " is one 
of its most widely-received synonyms. 
It is so difficult to think of medicine 
otherwise than as something which is 
necessarily connected with curative 
treatment, that we are apt to forget 
that there must be, and is, such a 
thing as a pure science of medicine — 
a. "pathology" which has no more 
necessary subservience to practical 
ends than has zoology or botany. 

The logical connection between 
this purely scientific doctrine of dis- 
ease, or pathology, and ordinary biol- 
ogy, is easily traced. Living matter 
is characterized by its innate tend- 
ency to exhibit a definite series of 
the morphological and physiological 
phenomena which constitute organi- 
zation and life. Given a ceitain 
range of conditions, and these phe- 
nomena remain the same, within nar- 
row limits, for each kind of living 
thing. They furnish the normal ana 
typical character of the species, and 
as such, they are the subject-matter of 
ordinary biolc^. 

Outside the range of these condi- 
tions, the normal course of the cycle 
of vital phenomena is disturbed; ab- 
normal structure makes its appear- 
ance, or the proper character and 
mutual adjustment of the funcliona 
cease to be preserved. The extent 
and the importance of these deviations 



from the typical life may vary indefi- 1 
nitelj'. They may have no noticeable 
influence on the general well-being of 
the economy, or they may favor it. 
On the other hand, they may be of 
such a nature as to impede the activi- 
ties of the organism, or even to in- 
volve its destruction. 

In the first case, these perturba- 
tions are ranged under the wide and 
somewhat vague category of " varia- 
tions ; " in the second, they are called 
lesions, states of poisoning, or dis- 
eases ; and, as morbid states, they 
lie within the province of pathologj-. 
No sharp line of demarkation can be 
drawn between the two classes of phe- 
nomena. No one can say where ana- 
tomical variations end and tumors 
begin, nor where modification of func- 
tion, which may at first promote 
health, passes into disease. All that 
can be said is, that whatever change 
of structure or function is hurtful be- 
longs to pathology. Hence it is obvi- 
ous that pathology is a branch of biol- 
ogy ; it is the morphology, the physi- 
ology, the distribution, the SBtioIogy 
of abnormal life. 

However obvious this conclusion 
may be now, it was nowise apparent 
in the infancy of medicine. For it is 
a peculiarity of the physical sciences, 
that they are independent in propor- 
tion as ihcy are imperfect ; and it is 
only as they advance that the bonds 
which really unite them all become 
apparent. Astronomy had no mani- 
fest connection with terrestrial phys- 
ics before the publication of the 
" Principia ; " that of chemistry with 
physics is of still more modem reve- 
lation ; that of physics and chemistry 
with phj'siology, has been stoutly de- 
nied within the recollection of most 
of us, and perhaps still may be. 

Or, to take a case which affords a 
closer parallel with that of medicine. 
Agriculture has been cultivated from 
the earliest limes, and, from a remote 
antiquity, men have attained consid- 
erable practical skill in the cultivation 
of the useful plants, and have empiric- 
ally established many scientific truths 
concerning the conditions under which 



they flourish. But, it is within the 
memory of many of us, that chemistry 
on the one hand, and vegetable phys- 
iology on the other, attained a stage 
of development such that they were 
able to furnish a sound basis for sci- 
entific agriculture. Similarly, medi- 
cine took its rise in the practical 
needs of mankind. At first, studied 
without reference to any other branch 
of knowledge, it long maintained, in- 
deed still to some extent maintains, 
that independence. Historicallv, its 
connection with the biological sci- 
ences has been slowly established, and 
the full extent and intimacy of that 
connection are only now beginning to 
be apparent, I trust I have not been 
mistaken in supposing that an attempt 
to give a brief sketch of the steps by 
which a philosophical necessity has 
become an historical reality, may not 
be devoid of interest, possibly of in- 
struction, to ihe members of this 
great Congress, profoundly interested 
as all are in the scientific develop- 
ment of medicine. 

The history of medicine is more 
complete and fuller than that of any 
other science, except, perhaps, astron- 
omy ; and, if we follow back the long 
record as far as clear evidence lights 
us, we find ourselves taken to the 
early stages of the civilization of 
Greece. The oldest hospitals were 
the temples of jtsculapius ; to these 
Asclepeia, always erected on healthy 
siies, bard by fresh springs and sur- 
rounded by shady groves, the sick 
and the maimed resorted to seek the 
aid of the god of health. Votive tab- 
lets or inscriptions recorded the symp- 
toms, no less than the gratitude, of 
those who were healed ; and, from 
these primitive clinical records, the 
half- priestly, half -philosophic caste of 
the Asclepiads compiled the data 
upon which the earliest generaliza- 
tions of medicine, as an inductive 
science, were based. 

In this state, pathology, like all the 
inductive sciences at their origin, was 
merely natural history; it registered 
the phenomena of disease, classified 
them, and ventured upon a prognosis, 



wherever the observation of constant 
and sequences suggcst- 
i raiional expectation of the like 
rreiice under siinila 



Further than this it hardly went. 
In fact, in the then state of knowl- 
edge, and in the condition of philo- 
sophical speculation at that lime, 
neither the causes of the morbid 
Slate, nor the rationale of treatment, 
were likely to be sought for as we 
seek for them now. The anger of a 
god was a sufficient reason for the 
existence of a malady, and a dream 
ample warranty for therapeutic meas- 
ures ; that a physical phenomenon 
must needs have a physical cause was 
not the implied or expressed axiom 
that it is to us moderns. 

The great man whose name is in- 
separably connected with the founda- 
tion of medicine, Hippocrates, cer- 
tainly knew very little, indeed practi- 
cally nothing, of anatomy or physiol- 
ogy \ and he would, probably, have 
been perplexed, even to imagine the 
possibility .-of a connection between 
ihe zoological studies of his contem- 
porary Democritus and medicine. 
Nevertheless, in so far as he, and 
those who worked before and after 
him, in the same spirit, ascertained, 
lers of exjierience, that a wound, 
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such and such symptoms, and that 
the return of the patient to health 
was facilitated by such and such 
measures, they established laws of 
nature, and began tbe construction of 
the science of pathology. All true 
science begins widi empiricism — 
though all true science is such exactly, 
in so far as it strives to pass out of 
the empirical stage into that of the 
deduction of empirical from more 
general truths. Thus, it i.s not won- 
derful, that the early physicians had 
little or nothing to do with the de- 
velopment of biological science ; and, 
on the other hand, that the early 
biologists did not much concern them- 
selves with medicine. There is noth- 
ing to show that the Asclepiads took 
any prominent share in the work of 



founding anatomy, physio! ogj', 
ologj-, and botany. Rather do theseT^ 
seem to have sprung from the early 
philosophers, who were essentially 
natural philosophers, animated by the 
characteristically Greek thirst for, 
knowledge as such. Pythagoras, Alc;j 
meon, Democritus, Diogenes of Apols 
Ionia, are all credited with anatomi-^ 
cal and physiological investigations ; 
and though Aristotle is said to have 
belonged to an Asclepiad family, and 
not improbably owed his taste for 
anatomical and zoological inquiries 
to the teachings of bis father, the 
physician Nicomachus, the " Historia 
Animalinm," and the treatise " De 
Partibus Animalium," are as free 
from any allusion to medicine as i^fl 
they had issued from a modern bio-^ 
logical iaborator)-. 

It may be added, that it is not easy 
to see in what way it could have bene- 
fited a physician of Alexander's time 
to know all that Aristotle knew on 
these subjects. His human anatomy 
was too rough to avail much in diag- 
nosis ; his physiology was too erro- 
neous to supply data for pathological ( 
reasoning. But when tbe Alexandrian f 
school, with Erasistratus and Hero- I 
philus at their head, turned to account 
tbe opportunities of studying human 
structure, afforded to them by tbe 
Ptolemies, the value of the large 
amount of accurate knowledge thus 
obtained to the surgeon for his operar , 
tions, and lo the physician for hiS' | 
diagnosis of internal disorders, 
came obvious, and a connection was I 
established between anatomy and I 
medicine, wbicii has ever become ^ 
closer and closer. Since the revival \ 
of learning, suigery, medical diag- I 
nosis, and anatomy have gone hand k 
in hand. Morgagni called his great J 
work, '■ De sedibus et causis i 
borum per anaiomen indagatis," and 
not only sboived the way to search 
out the localities and the causes of 
disease by anatomy, but himself trav- 
eled wonderfully far upon the road. 
Bichat, discriminating (he grosser 
constituents of the organs and parts 
of the body, one from another, point- 



ed out the direction wliich modern 
research must take ; until, at length, 
histology, a science of yesterday, as 
it seems lo many of lis, has carried 
the work of Morgagni as far as Ihe 
microscope can lake us, and has ex- 
tended the realm of paihological an- 
atomy to the limits of ihe invisible 
world. 

Thanks to the intimate alliance of 
morphology with medicine, the natu- 
ral history of disease has, at the pres- 
ent day, attained a high degree of 
perfection. Accurate regional anat- 
omy has rendered practicahle the ex- 
ploration of the most hidden parts of 
the organism, and the determination, 
during life, of morbid* changes in 
them; anatomical and histological 
post-mortem investigations have sup- 
plied physicians with a clear basis 
upon which to rest the classification 
of diseases, and with unerring tests of 
the accuracy or inaccuracy of their 

If men could be satisfied with pure 
knowledge, the extreme precision 
with which, in these days, a sufferer 
may be told what is happening, and 
what is likely to happen, even in the 
most recondite parts of his bodily 
frame, should be as satisfactory to the 
patient as it is to the scientific pathol- 
ogist who gives him the infonnation. 
But I am afraid it is not ; and even 
the practicing physician, while nowise 
underestimating the regulative value 
of accurate diagnosis, must often la- 
ment that so much of his knowledge 
rather prevents him from doing wrong 
than helps him to do right. 

A scomer of physic once said that 
nature and disease may be compared 
to two men fighting, the doctor to a 
blind man with a club, who strikes 
into the meUe, sometimes hitting the 
disease, and sometimes hitting nature. 
The matter is not mended if you sup- 
pose the blind man's hearing to be 
so acute that he can register every 
stage of the struggle, and pretty 
clearly predict how it will end. He 
had better not meddle at all, until his 
eyes are opened — until he can see 
the exact position of the antagonists, 




and make sure of the effect of his 
blows. But that wliich it behoves 
the physician to see, not, indeed, 
with his bodily eye, but with clear, 
intellectual vision, is a process, and 
the chain of causation involved in 
that process. Disease, as we have 
seen, is a perturbation of the normal 
activities of a living body, .ind it is, 
and must remain, unintelligible, so 
long as we are ignorant of ihe nature 
of these normal activities. In other 
words, there could be no real science 
of pathology until the science of 
physiology had reached a degree of 
|5erfection unattained, and indeed un- 
attainable, until quite recent times. 

So far as medicine is concerned, 
I am not sure that physiology, such 
as it was down to the time of Harvey, 
might as well not have existed. Nay, 
it is perhaps no exaggeration to say 
that, within the memory of living 
men, justly renowned practitioners of 
medicine and surgery knew less phys- 
iology than is now to be learned 
from the most elementary text-book; 
and, beyond a few bioai^ facts,* re- 
garded what ihey did know as of ex- 
tremely little practical importance. 
Nor am I disposed to blame them for 
this conclusion ; physiology must be 
useless, or worse than useless, to 
pathology, so long as its fundamental 
conceptions are erroneous. 

Harvey is often said to be the foun- 
der of modern physiology ; and there 
can be no question that the elucida- 
tions of the function of the heart, of 
the nature of the pulse, and of the 
course of the blood, put forth In the 
ever-memorable little essay, " Ete 
inolu cordis," directly worked a revo- 
lution in men's views of the nature 
and of the concatenation of some of 
the most important physiological proc- 
esses among the higher animal^; 
while, indirectly, their influence was 
perhaps even more remarkable. 

But, though Harvey made this sig- 
nal and perennially important con- 
tribution to the physiology of the mod- 
erns, his general conception of vital 
processes was essentially indenli- 
cal with that of the ancients ; and, 
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in the " Exercitationes de genera- 
tione," and notably in the singular 
chapter " De calido innalo," he shows 
himself a true son of Galen and of 
Ariitolle. 

For Harvey, the blood posaesses 
powers superior to those ot the ele- 
ments ; it is the seat of a sou! which 
is not only vegetative, but also sensi- 
tive and motor. The blood main- 
tains and fashions all parts of the 
body, " idque suniraa cum providenlia 
etinlellectu in finem certum agens, 
quasi raliocinio quodam nteretur," 

Here is ihe doctrine of the "pneu- 
ma," the product of the philosophical 
mould into which the animism of 
primitive men ran in Greece, in full 
force. Nor did its strength abate for 
long after liurvey's time. The same 
ingrained tendency of the human mind 
to suppose that a process is explained 
when it is ascribed to a power of which 
nothing is known except that it is the 
hypothetical agent of the process, 
gave rise, in the next century, to the 
animism of Stahl; and, later, to the 
doctrine of a vital principle, that " asy- 
lum ■ignorantifls " of physiologists, 
which has so easily accounted for 
everything and explained nothing, 
down to our own times. 

Now the essence of modern, as 
contrasted with ancient, physiological 
science appears to me to lie in its an> 
tagonisra to animistic iiypotheses and 
animistic phraseology. It offers phys- 
ical explanations of vital phenomena, 
or frankly confesses that it has none 
to offer. And, so far as I know, the 
first person who gave expression to 
this modern view of physiology, who 
was bold enough to enunciate the prop- 
osition that vital phenomena, like all 
the other, phenomena of the physical 
world, are, in ultimate analysis, re- 
solvable into matter and motion, was 
Ren^ Descartes. 

The fifty-four years of life of this 
most original and powerful thinker 
are widely overlapped, on both sides, 
by the eighty of Harvey, who sur- 
vived liis younger contemporary by 
seven years, and takes pleasure in 
acknowledging the French philoso- 
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pher's appreciaiion of his great di 
covery. 

In fact, Descartes accepted 
doctrine of the circulation as pro- 
pounded by " Harvffius m^decin d'An* 
gieierrc," »nd ga, 

it in his first work, the famous "Dis- 
cours de la M^ihode," which was 
published in 1637, only nine years after 
the exercitation " De motu cordis;" 
and, though differing from Harvey 
on some important points (in which it 
may' be noted, in passing, Descartes 
was wrong and Harvey right), he al- 
ways speaks of him with great re^ 
spcct. And so important does the 
subject seem to Descartes, that he 
returns to it jn tlie " Trait^ des Pas- 
sions," and in the "Tralt^ de I'Hom- 

It is easy to see that Harvey's work 
must have had a ]:)eculiar signiiicaDcL 
for the subtle thinker, to wliom vvB I 
owe botti the spiritualistic and the 1 
materialistic philosophies of modem 
times. It was in the very year of its 
publication, 1628, lliat Descartes 
withdrew into that life of solitary in- 
vestigation and meditation of whict 
his philosophy was the fruit. And, 
as the course of his speculations led 
him to establish an absolute distinc- 
tion of nature between the material 
and the mental worlds, he was logi- 
cally compelled to seek for the e» I 
planation of the phenomena of the | 
material world within itself ; and hav^ 
ing alloited the realm of thought to ' 
the soul, to see nothing but extension 
and motion in the rest of nature. 
Descartes uses " thought " as the 
equivalent of our modern term " con- 
sciousness." Thought is tlie func- 
tion of the soul, and its only function. 
Our natural heat and all the move- 
ments of the body, says he, do not 
depend on the soul. Death does not 
take place from any fault of the soul, 
but only because some of the princi- 
pal parts of the body become corrupt- 
ed. The body of a livingman differs 
from that of a dead man in the same 
atcb or other ; 



way as a « 

(that is to say, a machine which n 

of itself) when it is wound up and has, 




ICIINICAL EDUCATION, 



' in itself, ihe physical principle of ihe 
movements which the mechanism is 
adapted to perform, differs from the 
same watch, or other macliine, wlitn 
it is broken, and the physical principle 
of its movement no longer exists. All 
the actions which are common to us 
and the lower animals depend only 
on ihc conformation of our organs, 
and ihe course which, the animal 
spirits take in the brain, ilie nen^es, 
and the muscles ; in the same way as 
the movement of a watch is produced 
by nothing but the force of its spring 
and the figure of its wheels and other 
parts. 

Descartes' "Treatise on Man" is a 
sketch of human physiologj', in which 
a bold attempt is made to explain all 
the phenomena of life, except those of 
consciousness, by physical reasonings. 

To a mind turned in this direction, 
Harvey's exposition of the heart and 
vessels as a hydraulic mechanism 
must have been supremely welcome. 

Descartes was not a mere philosophi- 
cal theorist, but a hard-working dis- 
sector and experimenter, and he held 
the strongest opinion respecting the 
practical value of the new conception 
which he was introducing. He speaks 
of the importance of preserving health, 
and of the dependence of the mind on 
the body being so close that, perhaps, 
the only way of making men wiser 
and better than they are, is to be 
sought in medical science. " It is 
tnie," says he, " that as medicine is 
now practiced, it contains little that is 
very useful ; but without any desire to 
depreciate, I am sure that there is no 
one, even among professional men, 
who will not declare that all we know 
is very little as compared with that 
which remains to be known ; and that 
we might escape an infinity of diseases 
of the mind, no less than of the body, 
and even perhaps from the weakness 
of old age, if we had sufficient knowl- 
edge of their causes, and of all the 
remedies with which nature has pro- 
vided us." ("Discoursde laM^ihode." 
6* pattie, Ed. Cousin, p. 193.) So 
strongly impressed was Descartes 
with this, that he resolved to spend 




the rest of his life in trying to acquire 
such a knowledge of nature as would 
lead to the construction of a better 
medical doctrine. (/6i//. G^partie, Ed. 
Cousin, pp. 193 and an.) The anti- 
Cartesians found material for cheap 
ridicule Jn these aspirations of the 
philosopher ■ and it is almost needless 
to say that, in the thirteen years whicb 
elapsed between the publication of 
the "Discours" and the death of 
Descartes, he did not contribute much 
to their realization. But, for the next 
centurj", all progress in physiology 
took place along the lines which Des- 
cartes laid down. 

The greatest physiological and pa- 
thological work of the seventeenth 
century, Borelli's treatise " De Motu 
Animalium," is, to all intents and 
purposes, a development of Descartes' 
fundamental conception ; and the 
same may be said of the physiology 
and pathology of Boeihaave, whose 
authority dominated in the medical 
world of the first half of the eight- 
eenth century. 

With the origin of modern chemis- 
try, and of electrical science, in the 
latter half of the eighteenth century, 
aids in the analysis of the phenomena 
of life, of which Descartes could not 
have dreamed, were offered to the 
physiologist. And the greater part 
of the gigantic progress which has 
been made in the present century is 
a justification of the prevision of Des- 
cartes. For it consists, essentially, in 
a more and more complete resolution 
of the grosser organs of the living 
body into physico-chemical mechan- 
isms. 

" I shall try to explain our whole 
bodily machinery in such a way, that 
it will be no more necessary for us to 
suppose that the soul produces such 
movements as are not voluntary, than 
it is to think that there is in a clock 
a soul which causes it to show the 
hours." (" De la Formation du Fce- 
tus.") These words of Descartes 
might be appropriately taken as a 
motto by the author of any modern, 
treatise on physiology. 
! But though, as I think, there is np 



doubt that Descartes was the first to 
propound the fundamenta! coiiceplion 
of the living body as a phj'sical mech- 
anism, which is the disiinctive feat- 
ure of modem, as contrasted with an- 
cient physiology, lie was misled by 
the natural temptation to carry out, in 
all its details, a parallel between the 
machines with which he was familiar, 
such as clocks and pieces of hydraulic 
apparatus, and the living machine. 
In all such machines there is a centra! 
source of power, and the parts of the 
machine are merely passive distribu- 
tors of that power. The Cartesian 
school conceived of the living body 
as a machine of this kind ; and herein 
they might have learned from Galen, 
who, whatever ill use he may have 
made of the doctrine of " natural fac- 
ulties," nevertheless had the great 
merit of perceiving that local forces 
play a great part in physiology. 

The same truth was recogniied by 
Glisson, but, it was first prominently 
brought forward in the Hallerian di 
trine of the "vis insita " of muscles. 
It muscle can contract wrihout nerve, 
there is an end of the Cartesian me- 
chanical explanation of its contraction 
by the influx of animal spirits. 

The discoveries of Tremble^ tended 
in the same direction. In the fresh- 
water Hydra, no trace was to Tie 
found of that complicated machinery 
upon which the performance of the 
functions in the higher animals was 
supposed to de|jend. And yet the 
hydra moved, fed, grew, multiplied, 
and its fragments, exhibited all the 
powers of the whole. And, finally, the 
work of Caspar F. Wolff, {" theo- 
ria Generationis," 1759,) by demon- 
strating the fact that the growth and 
development of both plants and an- 
imals take place antecedently to the 
existence of their grosser organs, and 
are, in fact, the causes and not the con- 
sequences of organization (as then un- 
derstood), sapped the foundations of 
the Cartesian physiology as a com- 
plete expression of vita! phenomena. 

For Wolff, the physical basis of life 
is a fluid, possessed of a "vis essen- 
tialis " and a " solidescibilitas," in 



I virtue of which it gives rise to organ- 
ization ; and, as he points out, this 
conclusion strikes at the root of the 
whole iatro-mechanical system. 

In this country, the great authority 
of John Hunter exerted a similar in- 
fluence ; though it must be admitted 

! that the too sibylline utterances which 
are the outcome of Hunter's struggles 
to define his conceptions are often 
susceptible of more than one interpre- 
tation. Nevertheless, on some points 
Hunter is clear enough. For exam- 
ple, he is of opinion that "Spirit is 
only a property of matter" ("Intro- 
duction to Natural History," p. 6), he 
is prepared to renounce animism (/. c. 
p. 8), and his conception of life is so 
completely physical that he thinks of 
it as something which can exist in a 
slate of combination in the foodi ■ 
" The aliment we take in has in it, iaj 
a fi.ved state, the real life ; and thisfl 

I does not become active until it hai'l 

'got into the lungs; for there it i 
freed from its prison " (" Observations 
on Physiology," p. 113). He also 
thinks that " It is more in accord with 
the general principles of the animal 
machine to suppose that none of its 
effects are produced from any me- 
chanical principle whatever ; and that 
every effect is produced from : 
tion in the part; which action is pro- 1 
duced by a stimulus ifpon the pattll 
which acts, or upon some other parttl 
with which this part sympathizes so 
to take up the whole action " (/, c. 

And Hunter is as clear as Wol^ J 
with whose work he was probably uii*f 
acquainted, that "whatever life is, I 
it most certainly does not depen^J 
upon structure or organization " {I. e,y 
p. 114). 

Of course it is impossible that 
Hunter could have intended to deny 1 
the existence of purely mechanical 
operations in the animal body. But 
while, with Eorelli and Boerhaave, he 
looked upon absorption, nutrition, 
and secretion as operations effected 
by means of the small vessels, he dif- 
fered from the mechanical physiolo- 
gists, who regarded these operations , 




as the result of the mechanical prop- 
erties of the smaH vessels, such, as 
the size, form, and disposition of their 
canals and apertures. Hunter, on 
tlie contrary, considers them to be 
the efteci of properties of these ves- 
sels which are not mechanical but vi- 
tal. "The vessels," says he, "have 
more of the polypus in them than any 
other part of the body," and he talks 
of tlie " living and sensitive principles 
of the arteries," and even of the " dis- 
posilions or feelings of the arteries." 
" When the blood is good and genu- 
ine the sensations of the arteries, 
or the dispositions for sensation, are 
agreeable. . . . It is then they dispose 
of the blood to the best advantage, 
increasing the growth of The whole, 
supplying any losses, keeping" up a 
due succession, etc." (/. c. p. 133). 

If we follow Hunter's conceptions 
to their logical issue, the life of one 
of ihc higher animals is essentially 
the sum of tlie lives of all the vessels, 
each of which is a sort of physiolog- 
ical unit, answering to a polype ; and, 
as health is the result of the normal 
" action of the vessels," so is disease 
an effect of their abnormal action. 
Hunter thus stands in thought, as 
time, midway between Eorelli on 1 
one hand, and Bichat on the other. 

The acute founder of general ; 
atomy, in fact, ontdoes Hunter in his 
desire to exclude physical reasonin; 
from the realm <rf life. Except 
the interpretation of the action of the 
sense organs, he will not allow physics 
to have anything to do with physiol- 
ogy- 

"To apply the physical sciences tc 
physiology is to explain the phe- 
nomena of living bodies hv the law 
of inert bodies. Now (his is a false 
principle, hence all its consequences 
&re marked with the same stamp. 
Let us leave to chemistry its affinity ; 
to phj'sics, its elasticity and itsgravilv. 
Let us invoke for phv.Hiology only 
sensibility and contraciiiitv," (" An- 
atomic g^n^rale," i. p. liv.) 

Of all the unfortunate dicta of men 
■of eminent ability this seems one of 
ihe most unhappy, when we think of 



hat the application of the methods 
nd ihe data of physics and chemistry 
as done toward bringing physiology 
ito its present stale. It is not too 
much to say that one half of a modem 
book of physiology consists of ap- 
plied physics and chemislry ; and that 
it is exactly in the exploration of the 
phenomena of sensibility and con- 
"ly that physics and chemistry 
have exerted the most potent influ- 

Nevertheless, Bichat rendered a 
solid service to physiological progress 
by insisting upon the fact that what we 
call life, in one of the higher animals, 
is not an indivisible unitarj- archieus 
doniinaiing, from its cenlral sear, (he 
parts of the organism, bur a com- 
pound result of the synthesis of the 
separate lives of those pans. 

"All animals," saj-s he, "are as- 
semblages of different organs, each of 
which performs lis function and con- 
curs, afler its fashion, in ihe preser- 
vation of the whole. They are so 
many special machines in the general 
machine which constitutes the in- 
dividual. But each of these special 
machines is itself compounded of 
many tissues of very different natures, 
which in truih constitute the elements 
of those organs " (/. c. Ixxix.). " The 
conception of a proper vitality is 
applicable only to thtse simple tissues 
and not to the organs themselves " (/. 
e. Ixxxiv.). 

And Bichat proceeds to make '.he 
obvious application of this doctrine of 
synthetic life, if I may so call il, to 
pathology. Since diseases are only 
alterations of vital properties, and the 
properties of each tissue are distinct 
from those of the rest, it is evident 
that the diseases of each tissue must 
be different from those of Ihe rest. 
Therefore, in any organ composed of 
different tissues, one may be dise.Tsed 
and the other remain healthy; and 
this is what happens in most cases 
(/. e. Ixxxv.) 

In a spirit of true prophecy, Bichat 
says, " We have arrived at an epoch, 
in which pathological anatomy should 
start afresh." For, as the analvsis of 
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the organs Iiad led him to the tissues, 
as ihe physiological units of the or- 
ganism ; so, in 3 succeeding gener- 
ation, the analysis of the tissues led 
to the cell as the physiological ele- 
ment of tlie tissues. The contempo- 
raneous study of development brought 
out the same result ; and the zoolo- 
gists and botanists, exploring the sim- 
plest and the lowest forms of animat- 
ed beings, confirmed the great induc- 
tion of the cell theory. Thus the ap- 
parently opposed views, which have 
been battling with one another ever 
since the middle of the last century, 
have proved to be each half the earth. 
The proposition of Descartes that 
the bodyofaliving man is a machine, 
the actions of which are explicable by 
the known laws of matter and motion, 
is unquestionably largely true. But 
it is also true, that the living body is 
a synthesis of innumerable physiolog- 
ical elements, each of which may 
nearly be described, in Wolff's words, 
as a fluid possessed of a '■ vis essen- 
tialis," and a " soiidescibilitas " ; or, 
in modern phrase, as protoplasm sus- 
ceptible of structural metamorphosis 
and functional metabolism : and that 
[he only machinery, in the precise 
sense in which the Cartesian school 
understood mechanism, is that which 
co-ordinates and regulates these physi- 
ological units into an organic whole. 

In fact, the body is a machine of 
the nature of an army, not of that of 
watch or of a hydraulic appa 
Of this army each cell is a soldii 
organ, a brigade, the c 
system headquarters and field 
graph, the alimentary and circulatory 
system the commissariat. Losses are 
made good by recruits born in cam 
and the life of the individual is a ca; 
paign, conducted successfully for 
number of years, but with certain c 
feat in the long run. 
^ The efficacy of an army, at any 
given moment, depends on the health 
of the individual soldier, and on the 
perfection of the machinery by which 
he is led and brought into action at 
the proper time ; and, therefore, if the 
analogy holds good, there can be only 




two kinds of diseases, the one depen 
ent on abnormal states of the physi 
logical units, the other on periurbaf-J 
tions of their co-ordinating and ali- 
mentative machinery. 

Hence, the establishment of the cell 
theory, in normal biology, was swiftly 
followed by a "cellular pathology," 

its logical counterpart. 1 need not 
remind you how great an instrument 
'nvesiigaiion this doctrine has 
proved in ihe hands of the man of 
genius to whom its development is 
due, and who would probably be the 
last to forget that abnormai conditions 
of tlie co-ordinative and distributive 
machinery of the body are no leas 
important factors of disease. 

".enceforward, as it appears to me, 
the connection of medicine with the 
biological sciences is clearly defined, 
Pure pathology is that branch of biol- 
ogy which defines the particular per- 
turbation of cell-life, or of the co-or- 
dinating machinery, or of both, on 
:h the phenomena of dlseaM < 
depend. 

Those who are conversant with the 
present state of biology will hardly 
hesitate to admit that ihe conception 
of the life of one of the higher ani- 
mals as the summation of the lives of 
a ceil aggregate, brought into harmo- 
nious action by a co-ordinative ma- 
chinery formed by some of these cells, 
constitutes a ]>ermanent acquisition 
of physiological science. But the last 
form of the battle between the animis- 
tic and the physical views of lite is 
seen in the contention whether the 
phvsical analysis of vital phenomena 
can be carried beyond this point or 
not. 

There are some to whom living 
protoplasm is a substance, even £iich 
as Han'ey conceived the blood to be, 
"summa cum provide ntia etintellectu 
in finem certum agens, quasi ratiocinlo 
quodam ;"and who lookwilh as little 
favor as Bichal did, upon any attempt 
to apply the principles and the meth- 
ods of physics and chemistry to the 
investigation of the vital processes of 
growth, metabolism, and contractility. 
They stand upon the ancient ways 
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only, in accordance wilh that progress 
10 ward democracy, which a great 
political writer has declared to be the 
fatal characteristic of modern limes, 
they substitute a republic formed by 
a few billion of "aninuiliB" for the 
monarchy of the all-per\'ading '* ani- 
ma." 

Others, on the contrary, supported 
by a robust faith in the universal ap- 
plicability of the principles laid down 
by Descartes, and seeing that the 
actions called " vital " are, so far as 
we have any means of knowing, noth- 
ing but changes of place of particles 
of matter, look to molecular physics 
to acliieve the analysis of the living 
protoplasm itself into a molecular 
mechanism. If there is any truth in 
the received doctrines of physics, that 
contrast between living and inert 
matter, on which Bichat lays so much 
stress, does not exist. In nature, 
nothing is at rest, nothing is amor- 
phous; the simplest particle of that 
which men in their blindness are 
pleased to call " brute matter " is a 
vast aggregate of molecular mechan- 
isms performing complicated move- 
ments of immense rapidity, and sen- 
sitively adjusting themselves to every 
change in the surrounding worid. 
Living matter differs from other 
matter in degree and not in kind ; the 
microcosm repeats the macrocosm ; 
and one chain of causation connects 
the nebulous original of suns and 
planetary systems with the protoplas- 
mic foundation of life and organiza- 
tion. 

From this point of view, pathology 
is the analogue of the theory of per- 
turbations in astronomy; and thera- 
peutics resolves itself into the dis- 
covery of the means by which a system 
of forces competent to eliminate any 
given perturbation may be introduced 
mto the economy. And, as pathology 
bases itself upon normal physiology, 
50 therapeutics rests upon pharnia- 
cologj-; which is, strictly speaking, a 
part of the great biological topic of 
the influence of conditions on 
living organism, and has no scientific 
foundation apart from physiology. 



It appears to mc that there is no 
more hopeful indication of the prog- 
ress of medicine toward the ideal of 
Descartes than is to be derived from 
a comparison of the state of pharma- 
cology, at the present day, with that 
which existed forty years ago. If we 
consider the knowledge positively 
acquired, in this short time, of the 
modus {iperanili of urari, of atropia, of 
physosligmin, of verairia, of casca, of 
strychnin, of bromide of potassium, of 
phosphorus, there can surely be no 
ground for doubling that, sooner or 
later, the pharmacologist will supply 
ihe physician with the means of affect- 
any desired sense, the func- 
tions of any physiological element of 
the body. It will, in short, become 
possible to introduce into the economy 

molecular mechanism which, like 
a very cunningly-contrived torpedo, 
shall find its way to some particular 
group of living elements, and cause 
an explosion among them, leaving 
the rest untouched. 

The searcli for the explanation of 
diseased states in modified ceiMife; 
the discovery of the important part 
played by parasitic organisms in the 
fetiology of disease ; the elucidation 
of the action of medicaments by the 
methods and the data of experimental 
physiology ; appear to me to be the 
greatest steps which have ever bten 

ide toward the establishment of 

idicine on a scientific basis. I 
■d hardly say Ihey could not ha^ 



been made 

normal b 
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no question, then, as 
the value of the con- 
1 medicine and ihe 
There can be 
doubt that the future of pathology- 
and of therapeutics, and, therefore, 
that of practical medicine, depends 
upon the extent to which those who 
occupy themselves with these subiecLs 
are trained in the methods and im- 
pregnated with the fundamental truths 
of biology. 

And, in conclusion, I venture tn 
suggest that the collecrive sagacity of 
this Congress could occupy itself wijJ 



□□ more important question than with 
this : How is medical education to be 
arranged, so that, without entangling 
the student in those details of the 
systematist which are valueless to him, 
he may be enabled to obtain a firm 
grasp o£ the great truths respecting 
animal and vegetable life, without 
which, notwithstanding all the prog- 
ress of scieniific medicine, he will 
still find himself an empiric ? 



JOSEPH PRIESTLEV, 

If the man to perpetuate whose 
memory we have this day raised a 
statue had been asked on what part 
of his busy life's work he set the high- 
est value, he would undoubtedly have 
pointed lo his voluminous contribu- 
tions to theology. In season and out 
of season, he was the steadfast cham- 
pion of that hypothesis respecting the 
Divine nature which is tenned Unita- 
rianism by its friends and Sodnianism 
by its foes. Regardless of odds, he 
was ready to do battle with all comers 
in that cause ; and if no adversaries 
entered the lists, he would sally forth 
to seek them. 

To this, his highest ideal of duty, 
Joseph Priestley sacrificed the vulgar 
prizes of life, which, assuredly, were 
within easy reach of a man of his 
singular energy and varied abilities. 
For this object, he put aside, as of 
secondary importance, those scientific 
investigations which he loved so well, 
and ill which he showed himself so 
competent to enlarge the boundaries 
of natural knowledge and to win 
fame. In this cause, he not only 
cheerfully suffered obloquy from the 
bigoted and the unthinking, and came 
within sight of martyrdom; but bore 
with that which is much harder to be 
borne than all these, the unfeigned 
nsionishment and hardly disguised 
contempt of a brilliant society, com- 
posed of men whose sympathy and 
esteem must have been most dear to 



him, and to whom it was simply in- 
comprehensible that a philosopher 
should seriously occupy himself with 
any form of Christianity. 

It appears to me that the man who, 
setting before himself such an ideal 
of life, acted up to it consistently, is 
worthy of the deepest respect, what- 
ever opinion may be entertained as lo 
the real value of the tenets which he so 
zealously propagated and defended. 

But I am sure that I speak not only 
for myself, but for all tliis assem- 
blage, when I say that our purpose 
to-day is to do honor, not to Priestley, 
the Unitarian divine, but to Priestley, 
the fearless defender of rational free- 
dom in thought and in action ; to 
Priestley, the philosophic thinker; to 
that Priestley who held a foremost 
place among " the swift runners who 
hand over the lamp of life," and 
transmit from one generation to an- 
other the fire kindled, in the child- 
hood of the world, at the Promethean 
altar of Science, 

The main incidents of Priestley's 
life are so well known that I need 
dwell upon them at no great length. 

Born in 1733, at Fieldbead, near 
Leeds, and brought up among Calvi- 
nists of the straitest orthodoxy, the 
boy's striking natural ability led to 
his being devoted to the profession of 
a minister of religion ; and, in 1752, he 
was sent to the Dissenting Academy 
at Daventry — an institution which au- 
thority left undisturbed, though its ex- 
istence contravened the law. The 
teachers underwhose instruction and 
influence the young man came at Dav- 
entry, carried out to the letter the in- 
junction to " try all things: holdfast 
that which is good," and encouraged 
the discussion of every imaginable 
proposition with complete freedom, the 
leading professors taking opposite 
sides ; a discipline which, admirable as 
it may be from a purely scientific point 
of view, would seem to be calculated 
to make acute, rather than sound, di- 
vines. Priestley tells us, in his " Auto- 
that he generally found 
the unorthodox side : and 
older, and his faculties a 
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eined their maturity, this native tend- 
y toward heierodoxy grew wiih his 
ligrowth and strengthened vnth his 
11 strength. He passed from Calvinism 
I lo Ariaiiisra; and finally, in middle 
Kjife, landed in that very broad fonn of 
I Unitarianism, by which his craving 
I after a credible and consistent theory 
\oi things was satisfied. 

On leaving Davenlry, Priesdey be- 
came loinislcr of a congregation, first 
at Needham Market, and secondly at 
Nantwich ; but whether on account of 
his heterodox opinions, or of the 
L stuttering which impeded his expres- 
[ Bton of them in the pulpit, little sue- 
' cess attended his efforts in this ca- 
pacity. In 1761, a career much more 
suited to his abilities became open to 
him. He was appointed '■ tutor in the 
languages" in the Dissenting Academy 
at Warrington, in which capacity, be- 
sides giving three courses of lecturcK, 
he laught Latin, Greek, French, and 
Italian, and read lectures on the The- 
Language and Universal 
ir, on Oratory, Philosophical 
md Civil law. And ills in- 
I teresting to observe that, as a teadi- 
I er, he encouraged and cherished in 
those whom he instructed, the freeilom 
' which he had enjoyed, in his own stu- 
' dent days, at Daventry. One of his 
pupils tells us that, 

"At the conclusion of his lecture, he al- 
ways encouraged his students 1u expiess 
their aentimcnia relative to Ihc stihiccl of it, 
audio ui^e any objections to what he had de- 
livered, without rwerve. It pieaaed him 
when any one commenced such a conversa- 
tion. In order to excite the freest discussion, 
fae occasionally invited the students to drink 
lea with him, in order to canvass the subjcctp 
of hia lectures. I do not recollect that lit 
ever showed the least displeasure at tbi 
strongest objections chat were made to wlia 
he dcTivered, but I disliuclly reitieinber the 
imile of approbation with which he usually 
received them ; nor did he fail lo point out, 
in a very encouraging manner, the ingenuity 
or force of any reniarta that were made, 
when Ihey meritad these characters. His o]> 
iect, as well as Dr. Aikin's, was to en^ge the 
atudents to examine and decide for them- 
selves, uninfluenced 1^ the sentiments of any 
other persons." (" Life and Correspondence 
ci Dr. Priestley," by J. T. Rutt. Vol. i. p. 50.) 



scripiioii of a model teacher tlian 

at conveyed in these words. 

From his earliest days, PriesUe^-had 

own a strong bent toward the study 

nature ; and his brother Timothy 

tells us that the boy put sjjiders into 

bottles to see how long they would live 

le same air — a curious aniicipa- 

of the investigations of his later 

years. At Nantwich, where he set up 

;hool, Priestley informs us that he 

bought an air pump, an electrical ma- 

■ ■ le, and other instruments, in the 

of which he instructed his schol- 

But he does not seem to have 

devoted himself seriously to physical 

ice until 1766, when he had the 

great good fortune to meet Benjamin 

Franklin, whose friendship he ever 

afterward enjoyed. Encouraged by 

Franklin, he wrote a " History of 

Electricity," which was published in 

1767, and appears to have met with 

considerable success. 

In the same year, Priestley left 
t'arrington to become the minister of 
congregation at Leeds ; and, here, 
happening to live next door to a pub- 
brewery, as he says, 

I, at first, amused myself wilh making n- 
perinienls on the fixed air which I found readj^ 
made in the process of fermentation. When 
I removed from that house I was under llw 
necessity of making fixed air for myselfjand 
one experiment leading to another, as I have 
distincllv and faithfully noted in my various 
publications on the subject, I by degrees con- 
trived a convenient apparatus fur the pur- 
pose, but of the cheapest kind. 

" When I Iwgan these experiments I knew 
very little of ehintislry, and had, in a manner, 
no idea on the subject before I attended a 
course of chemical lectures, delivered in the 
Academy at Warrington, by Dr. Turner of 
Liverpool. But I have often thought that, 
upon the whole, this circumstance was no 
disadvantage lo me ; as, in this situation, I 
was led to devise an apparatus and [ 
of my own, adapted to my peculia: 
whereas, if I had been previously ace 
10 the usual chemical processes^ I should tiot 
have so easily thought of any other, and with- 
out new modes of operation, I should hardW 
have discovered anything materially new," 
("Autobiography," §§ 100, 101.) 



The first outcome of Pwcstley's 
chemical work, published in 1772, was 
It would be difficult to give a betterjofa very practical character, He^^_ 
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covered the way of impregnating water 
with an excess o£ " fixed air," or car- 
bonic acid, and thereby producing 
what we now know as " soda water " 
— a service to naturally, and still more 
to artificially, thirsty souls which those 
whose parched throats and hot heads 
are cooled by morning draughts of 
that beverage, cannot too greatfully 
acknowledge. In the same year, 
Priestley communicated the extensive 
series of observations which his in- 
dustry and ingenuity had accumulated, 
in the course of four years, to the 
Royal Society, under the title of " Ob- 
servations on Difierent Kinds of Air " 
— a memoir which was justly regarded 
of so much merit and importance, 
that the Society at once conferred 
upon the author the highest distinc- 
tion in their power, by awarding him 
the Copley Medal. 

In [771 a proposal was made to 
Priestley to accompany Captain Cook 
in his second voyage to the South 
Seas. He accepted it, and his con- 
gregation agreed to pay an assistant to 
supply his place during his absence. 
But the appointment lay in the hands 
of the Board of Longitude, of which 
certain clergymen were members ; and 
whether these worthy ecclesiastics 
feared that Priestley's presence among 
the ship's company might expose his 
Majesty's Sloop Resolution to the fate 
which aforetime befell a certain ship 
that went from Joppa to Tarshish : or 
whether they were alarmed lest a So- 
dniati should undennine that piety 
which, in the days of Commodore 
Trunnion, so strikingly characterized 
sailors, does not appear, but, at any 
rate, they objected to Priestley " on 
account of his religious principles," 
and appointed the two Forsters, whose 
" religious principles,"if they had been 
known to these well-meaning but not 
far-sighted persons, would probably 
have surprised them. 

In 1772 another proposal was made 
to Priestley, Lord Shclburne, desir- 
ing a " literary companion," had been 
brought into communication with 
Priestley by the good offices of a friend 
of both. Dr. Price; and offered him 



the nominal post of librarian, with a 
good house and appointments, and an 
annuity in case of the termination of 
the engagement. Priestley accepted 
the offer, and remained with Lord 
Shelburne for seven years, soinclimes 
residing at Caine, sometimes travel- 
ing abroad with the Earl. 

Why the connection terminated has 
never been exactly known ; but it is 
certain that Lord Shelburne behaved 
with the utmost consideration and 
kindness toward Priestley, that he 
fulfilled his engagements to the letter ; 
and that, at a later period, he ex- 
pressed a desire that Priestley should 
return to his old fooling in his house. 
Probably enough, the politician, as- 
piring to the highest offices in the 
state, may, have found the position of 
the protector of a man who was being 
denounced all over the country as an 
infidel and an atheist somewhat em- 
barrassing. In fact, a passage in 
Priestley's "Autobiography" on the 
occasion of the publication of his 
" Disquisitions relating to Matter and 
Spirit," which took place in 1777, in- 
dicates pretty clearly the stale of the 
case : — 

" (izG) It being probable that this publica- 
tion would be unpupular, and might be the 
means of bringing odium on my patron, sev- 
eral attempts nere made by his friends, 
though none by himself, to dissuade me from 
persisting in it. But being, as I thought, en- 
gageil in the cause of important truth, I pro- 
ceeded ivithout regard to any consequences, 
assuring them that this publication should 
not be injurious to his lordship." 

It is not unreasonable to suppose 
that his lordship, as a keen, practical 
man of the world, did not derive much 
satisfaction from this assurance. The 
"evident marks of dissatisfaction" 
which Priestley says he first perceived 
in his patron in 1778, may well have 
arisen from the peer's not unnatural 
uneasiness as to what his domesti- 
cated, but not tamed, philosopher 
might write next, and what storm 
might thereby be brought down on his 
own head; and it speaks very highly 
for Lord Shelbnrne's delicacy that, in 
the midst of such perplexities, he 
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made not the least attempt to inter- 
fere with Priestley's freedom of action. 
In 1780, however, he intimated to Dr. 
Price that he should be glad to estab- 
lish Prieslley on his Irish estates: 
the siiggeslioii was interpreted, as 
Lord Shelbiiriie jirobably intended it 
should be, and Priestley left him, the 
annuity of ;^i50 a year, which had 
been promised in view of such a con- 
tingency, being punctually paid. 

After leaving Cahie, Priestley spent 
some little time in London, and then, 
having settled in Birmingham at the 
desire of his brother-in-law, he was 
soon invited to become the minister 
of a large congregation. This settle- 
ment Priestley considered, at the time, 
to be "the happiest event of his life." 
And well he might think. so; for it 
gave him cotnpetence and leisure; 
placed him within reach of the best 
makers of apparatus of the day ; made 
htm a member of that remarkable 
"Lunar Society," at whose meetings 
he could exchange thoughts with such 
men as Watt, Wedgewood, Darwin, 
and Boultou ; and threw open to him 
the pleasant house of the Galtons of 
Earr, where these men, and others of 
less note, formed a society of excep- 
tional charm and intelligence.* 

But these halcyon days were ended 
by a bitter storm. The French Rev- 



• Sec "The Life of Mary Anne Schimmel- 
peiininck." Mrs. SchinimelpemiiLick (iiJt Gil- 
ton) reroemhered Priesllev very well, and her 
descTtpliaii af him is worth quotation: — "A 
man of admirable simplicity, gentleness and 
kindness of heart, muted with great acule- 
ncss uf intellect. I can never torget the im- 
pression produced on me by the serene ex- 
pression o£ hia countenance. He, indeed, 
stemed present with Cod by recollection, 
and with man by ctieerfulness. I remember 
that, in the assembly of these distinguished 
men, among wbum Mr. BouKon, by his 
noble manner, hia fine countenance (which 
much resembled that of Louis XIV.), and 
princely munificence, stood pre-eminently afi 
the great Mecxnas; even as n child, I used 
to feel, when Dr. Priestley entered after him, 
that the glory of the one was terrestrial, that 
of the other celestial ; and utterly far as 
I am removed from a belief in the sufficiency 
of Dr. Priestley's theological creed, I cannot 
but here record this evidence of the eternal 
power of any portion of the troth held in its 
riulity." 



olution broke out, An electric shock 
ran through the nations ; whatever 
there was of corrupt and retrograde, 
and at the same time, a great deal of 
what there was of best and noblest, 
in European society shuddered at the 
outburst of long-pent-up social fires. 
Men's feelings were excited in a way 
that we, in this generation, can hardly 
comprehend. Party wrath and virti- 
Icnce were expressed in a manner un- 
paralleled, and it is to be hoped im- 
possible, in our times; and Priestley 
and his friends were held up to public 
scorn, even in Patliament, as foment- 
ers of sedition. A " Church-and- 
King" cry was raised against the Lib- 
eral Dissenters; and, in Birmingham, 
it was intensified and specially di- 
rected toward Priestley by a local con- 
troversy, in which lie had engaged 
with his usual vigor. In 1791, the 
celebration of the second anniversary 
of the taking of the Easiille by a pub- 
lic dinner, with which Priestley had 
nothing whatever to do, gave the sig- 
nal to the loyal and pious mob, who, 
unchecked, and indeed to some ex- 
tent encouraged, by those who were 
responsible for order, had the town at 
tlieir mercy for three days. The 
chapels and houses of the leading 
Dissenters were wrecked, and Priest- 
ley and his family had to fly for the'ir 
lives, leaving library, apparatus, 
papers, and all their possessions, a 
prey to the Hatnes. 

Prieslley never returned to Bir- 
mingham. He bore the outrages and 
losses inflicted upon him with extreme 
patience and sweetness,* and betook 
himself to London. But even his 
scientific colleagues gave him a cold 
shoulder; and though he was elected 
minister of a congregation at Hack- 
ney, he felt his position to be insi- 
cure, and finally determined on en' - 
grating 10 the United States. Hu 

•Even Mrs. Priestley, who might be Inr- 

Eivcn for regarding the destroj'era of hti 
Dusehold gods with snme asperity, contents 
herself, in writing to Mrs. Barbauld, with ihL> 
sarcasm that the Birmingham people "will 
carcely find so many respectable charactei;^' 
, n^^n^^ li-n. .„ ^lake a bonfire of." 
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landed in America in 179+; lived 
quietly witli hi^ sons at Norihiimber- 
land, in Pennsylvania, where his pos- 
terity slil! flourished ; and, clear- 
headed and busy to the last, died on 
the 6th of February, 1804. 

Such were the conditions under 
which Joseph Priestley did the work 
which lay before him, and then, as 
the Norse Sagas say, went out of the 
story. The work itself was o£ the 
most varied kind. No human iiuerest 
was wilhout its attraction for Priest- 
ley, and few men have ever had so 
many irons in the fire at once; but, 
though he may have burned his fin- 
gers a Utile, very few who have tried 
that operaiion have burned tlieir fin- 
gers so Utile. He made admirable 
discoveries in science ; his philosoph- 
ical treatises are still well worth read- 
ing ; his political works are full of in- 
sight and replete with the spirit of free- 
dom ; and while all these sparks flew off 
from his anvil, ihe controversial ham- 
mer rained a hail of blows on ortho- 
dox priest and bishop. While thus 
engaged, the kindly, cheerful doctor 
felt no more wrath or uncharitabie- 
ness toward his opponents than n 
smith does toward his iron. But if 
the iron could only speak ! — and the 
pfiests and bishops took the point oE 
view of the iron. 

No doubt what Priestley's friends 
repeatedly urged upon him — that he 
would have escaped the heavier trials 
of his lite and done more for the ad- 
vancement of knowledge, if he had 
confined himself to his scientific pur- 
suits and let his fellow-men go their 
way — was true. But it seems to have 
been Priestley's feeling that he was a 
man and a citizen before he was a 
philosopher, and that the duties of the 
two former positions are at least as 
impwrative as those of the latter. 
Moreover, there are men (and I think 
Priestley was one of them) to whom 
the satisfaction of throwing down a 
triumphant fallacy is as great as that 
wliich attends the discovery of a new 
inith ; who feci better satisfied with 
the government of the world, when 
they have been helping Providence bv 



knocking an imposture on the head ; 
and who care even more for freedom 
of thought than for mere advance of 
knowledge. These men are the Cav- 
nota who oi^anize victory for truth, 
and they are, at least, as important as 
the generals who visibly fight her bat- 
tles in the field. 

Priestley's reputation as a man of 
science rests upon his numerous and 
important contributions to the chem- 
istry of gaseous bodies ; and to form 
a just estimate of the value of his 
work — of the extent to which it ad- 
vanced the knowledge of fact and the 
development of sound theoretical 
\news — we must reflect what chemistry 
was in the first half of the eighteenth 
century. 

The vast science which now passes 
under that name had no existence. 
Air, water, and fire were still counted 
among the elemental bodies; and 
though Van Helmont, a century 
before, had distinguished different 
kinds of air as ,fvjj venlosum and ^ii.v 
sylvfstre, and lioyle and Hales had 
experimentally defined the physical 
properties of air, and discriminated 
some of the various kinds of aiirifonii 
bodies, no one .suspected the exist- 
ence of the numerous totally distinct 
gaseous elements which are now 
known, or dreamed that the air we 
breathe and the water we drink arc 
compounds of gaseous elements. 

But, in 1754, a young Scotch phy- 
sician, Dr. Blank, made the first clear- 
ing in this tangled backwood of 
knowledge. And it gives one a won- 
derful impression of the juvenility 
of scientific chemistry to think that 
Lord Brougham, whom so many of us 
recollect, attended Black's lectures 
when he was a student in Edinburgh. 
Black's researches gave the world the 
novel and startling conception of a 
gas that was a permanently elastic 
fluid like air, but that differed from 
common air in being much heavier, ' 
verj' poisonous, and in having the 
properties of an acid, capable of neu- 
tralizing the strongest alkalies; and 
it took the world some time to become 
accustomed to the notion. 
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A dozen years laier, one of the 
most sagacious and accurate Invesii- 
galors who has adorned this, or any 
other, country, Henry Cavendish, pub- 
lished a memoir in the " Philosophical 
Transactions," in which he deals not 
only with the " fixed air " (now called 
carbonic acid or carbonic anhydride) 
of Black, but with " inflammable air," 
or what we now term hydrogen. 

By the rigorous application o£ 
weight and measure to all his proc- 
esses, Cavendish impHed the belief 
subsequently formulated by Lavoi- 
sier, that, in chemical processes, mat- 
ter is neither created nor destroyed, 
and indicated the path along which 
all future explorers must travel. Nor 
did be himself halt until this path led 
him, in 1784, to the brilliant and fun- 
damental discovery that water is com- 
posed of two gases united in fixed and 
constant proportions. 

It is a trying ordeal for any man to 
be compared with Black and Caven- 
dish, and Priestley cannot be said lo 
stand on tlieir level. Nevertheless, 
his achievements are not only great 
in themselves, but truly wonderful, if 
we consider the disadvantages under 
which be labored. Without the care- 
ful scientific training of Black, without 
the leisure and appliances secured by 
the wealth of Cavendish, he scaled 
the walls of science as so many Eng- 
lishmen have done before and since 
his day; and trusting to mother wit 
to supply the place of training, and 
lo ingenuity to create apparatus out 
of washing tubs, he discovered more 
new gases than all his predecessors 
put together had done. He laid the 
foundations of gas analysis ; he 
discovered the complementary actions 
of animal and vegetable life upon 
the constituents of the atmosphere ; 
and, finally, he crowned bis work, 
this day one hundred years ago, by 
the discovery of that "pore dephlo- 
gisticated air " to which the French 
chemists subsequently gave the name 
of oxygen. Its importance, as the 
constituent of the atmospliere which 
disappears in the processes of 
respiration and combustion, and is re- 



stored by green plants growing in sun- 
shine, was proved somewhat later. 
For these brilliaut discoveries, the 
Royal Society elected Priestley a fel- 
low and gave him their medal, while 
the Academies of Paris and St. Peters- 
burg conferred their membership 
upon him. Edinburgli had made him 
an honorary doctor of laws at an early 
period of his career; but, I need 
hardly add, that a man of Priestley's 
opinions received no recognition 
from the universities of his own coun- 
try. 

That Priestley's contributions to the 
knowledge of chemical fact were of 
the greatest importance, and that they 
richly deserve all the praise that has 
been awarded to Ihem, is unquestion- 
able ; but it must, at the same time, 
be admitted that he had no compre- 
hension of the deeper significance of 
his work ; and, so far from contribut- 
ing anything to the theory of the 
facts which he discovered, or assist- 
ing in their rational explanation, his 
influence to the end of his life was 
warmly exerted in favor of error. 
From first to last, he was a stiff adhe- 
rent of the phlogiston doctrine which 
was prevalent when his studies com- 
menced ; and, by a curious irony of 
faie, the man who by the discovery of 
what he called " dephlogisticated air " 
furnished the essential datum for 
the true theory of combustion, of res- 
piration, and of the composition of 
water, to the end of his days fought 
against the inevitable corollaries from 
his own labors. His last scientific 
work, published in iSoo, bears the 
tide, "The Doctrine of Phlogiston es- 
tablished, and that of the Composition 
of Water refuted." 

When Priestley commenced his 
studies, the current belief was, that 
atmospheric air, freed from accidental 
impurities, is a simple elementary sub- 
stance, indestructible and unalterable, 
as water was supposed to be. When a 
combustible burned, or when an ani- 
mal breathed in air, it was supposed 
that a substance, " phlogiston," the 
matter of heat and light, passed from 
the burning or breathing body into it. 
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and destroyed its powers of support- 
ing life and combustion, Tlius, air 
contained in a vessel in wliich a 
lighted candle had gone out. or a liv- 
ing animal had breathed until it could 
breath no longer, was called " phlo- 
gisticated." The same result was 
supposed to be brought about by the 
adilition of wliat Priestley called " ni- 
trous gas " to common air, 

in the course of his researches, 
Priestley found that the quantity of 
common air which can thus become 
"phlogisticaled," amounts to about 
one-fifth the volume of the whole 
quantity submitted to experiment. 
Hence it appeared that common air 
consists, to tiie extent of four-fifths of 
its volume, of air which is already 
" phlogisticaied ; " while the other 
fiftii is free from phlogiston, or 
" dephlogisticated." On the other 
hand, Priestley found that air " phlo- 
gisticated " by combustion or i'e>>pira- 
lion could be "depldogislican^d," or 
have the properties of pure common 
air restored to it, by the action of 
green plants in sunshine. The ques- 
tion, therefore, would naturally arise — 
as common air can be wholly phlogis- 
ticaied by combustion, and converted 
into a substance wliichwill no longer 
support combustion, is it possible to 
get air that shall be less phlogisticated 
than common air, and consequently 
siip[X)rt combustion better than com- 
mon air does ? 

Now, Priestley says that, in 1774, 
tlie possibility of obtaining air less 
phlogisticated than common air had 
not occurred to him. (" Experiments 
and Obsen-ations on Different Kinds 
of Air, vol. ii. p. 31.) But in pursu- 
ing his experiments on the evolution 
of air from various bodies by means 
of heat, it happened that, on the 1st 
of August, 1774, he threw the heat 
of the sun, by means of a large burn- 
ing glass which he had recently ob- 
tained, upon a substance which was 
then called mercurms cakinatits per se, 
and which is commonly known as red 
precipitate. 

km I 



Havinggot about three or four timesas much 
as the bulk of my maletiaU, I admillcd water 
to i:, and found that it was nol Embibed by 
il. tiut what surprised me more lliaii 1 can 
well ex^jre^, was that a candle burned in 
this air with a remarkably vigorous flame, 
very much likcthat enlarged flame with whicti 
a candle bums in nitrous air, e.<<poscd to 
iron or lime uE Eulphur; but as I had got 
nothing lilce this remarkable appearance 
from any kind uf air besides this particular 
modificatian of nitrous air, and I knew no 
nitrous acid wa^i tised in the preparation of 
ealanalm I was utterl<^ at a loss 
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" In this case also, though I did not give 
sufficient attention to the circumstantx at 
that time, the flame of the candle, besides be- 
ing larger, burned with more splendor and 
heat than in that species of nitrous air ; and a 
piece of red-hot wood sparkled in it, exactly 
like jiaper dipped in a solution of nitre, and 
it consumed very fast — an experiment which 
I had never thought of trying with nitrous 
air." {Ibid. pp. 34, 35). 

Priestley obtained the same sort of 
air from red lead, but, as he says him- 
self, he remained in ignorance of the 
properties of this new kind of air for 
seven months, or until March, 1775, 
when he found that the new air be- 
haved with " nitrous gas " in the same 
way as the de phlogisticated part of 
common air does ; * but thal^ instead 
of being diminished to four-fifths, it al- 
most completely vanished, and, there- 
fore, showed itself to be "between 
five and six times as good as the best 
common air I have ever met with." 
{Jdiil. p. 48.) As diis new air thus 
appeared to be completely free from 
phlogiston, Priestley called it "de- 
phlogisticated air." 

What was the nature of this air? 
Priestley found that the same kind of 
air was to be obtained by moistening 
with the spirit of niter{which he terms 
nitrous acid) any kind of earth that is 
free from phlogiston, and applying 
heat ; and consequently he says : 
"There remained no doubt on ray 
mind but that the atmospherical air, 
or the thing that we breathe, consists 
of the nitrous acid and earth, with so 
much pholgiston as is necessary to 
its elasticity, and likewise so much 
mote as is required to bring it from 
a Dif- 
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its state of perfect purity to the mean 
condition in which we find it." ijbid. 
P- 5S-) 

Priestley's view, in fact, is that 
atmospheric air is a kind of saltpetre, 
in which the potash is replaced by 
some unknown earti). And in specu- 
lating on the manner in which salt- 
petre is formed, he enunciates the 
hypoihesis " that niter is formed by a 
real dicomposition of the air itself, the 
bases that are presented to it having, 
in such circumstances, a nearer affin- 
ity with the spirit of niter than thai 
kind of earth willi which it is united 
in the atmosphere." {Ibiii. p. 60. 
The italics are Priestley's own.) 

It would have heen hard for the 
most ingenious person to have 
wandered farther from the truth than 
Priestley does in this hypothesis ; 
and, though Lavoisier undoubtedly 
treated Priestley verj' ill, and pre- 
tended to have discovered dephlogis- 
ticated air, or oxygen, as he called 
it, independently, we can almost for- 
give him, when we reflect how 
different were the ideas which the 
great French chemist attached to the 
body which Priestley discovered. 

They are like two navigators of 
whom the first sees a new country, 
but takes clouds for mountains and 
mirage for lowlands; while the 
second determines its length and 
breadth, and lays down on a chart 
exact place, so that, thenceforth, it 
serves as a guide to his successors, 
and becomes a secure outpost whence 
new explorations may be pushed. 

Nevertheless, as Priestley himself 
somewhere remarks, the first object of 
physical science is to ascertain facts, 
and the service which he rendered 
to chemistry by the definite establish- 
ment of a large number of new and 
fundamentally important facts, 
such as to entitle him to a very high 
place among the fathers of chemical 
science. 

It is difficult to say whethei 
Priestley's philosophical, political, 01 
theological views were most responsi 



ble for the bitter hatred which was 
borne to him by a large body of his 
countrymen," and which found its 
expression in the malignant insinua- 
tions in which Burke, to his everlast- 
ing shame, indulged in the House of 
Commons. 

Without containing much that will 
be new to the readers of Hobbes, 
Spinoza, Collins, Hume, and Hartley, 

id, indeed, while making no preieii- 
sions to originality, Pnei-tley's " Dis- 
quisitions relating to Matter and 
Spirit," and his "Docirine of Philo- 
sophical Necessity illusirated," are 
among the most powerful, clear, and 
unflinching expositions of materialism 
and necessarianism which exist in the 
English language, and are still well 

irth reading, 

Priestley denied the freedom of the 

il in the sense of its self-deiermina- 

m; he denied the existence of a 
soul distinct from the body ; and as 

natural consequence, he denied the 
natural immortality of man. 

1 relation to these matters English 
opinion, a century ago, was very much 

■hat it is now. 

A man may be a necessarian with- 

ut incurring graver reproach than 
that implied in being called a gloomy 
fanatic, necessarianism, though very 
shocking, having a note of Calvinistic 
orthodoxy ; but, if a man is a malerial- 
OT, if good authorities say he is 
must be so, in spite of his asser- 
to the contrary ; or, if he acknowl- 



• " In at] the newspapers and mait of the 
periodical publicatinns I was represented aaan 
unbeliuver in Kevelatiun, and no better than 
an atheisl." — "Autobiography," Rult. voL 
i. p. 124. " On tlie walls of houses, etc., and 
especially where 1 usually went, were lo be 
seen, in large characters, ' Madan kobever ; 
Damn Priestley; no Presdvteriahieu ; 
Dams the Presbyter fans,' etc., etc. ; and, 
al one lime, I wis followed by a number of 
boys, who left their play, repeating Brtat 
they bad seen on llie walls, and shouting out, 
' Damn PrrnUry ; liamn him, damuhim,for- 

lesson which they had been (aught by their 
parents, and what they, I fear, had learned 
from their superiors." — "Appeal to ihc 
Public on the Subject of the Riots at Bii^ 
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edge himself unable to see good rea- 
sons for believing in ihe natural im- 
mortality of man, respeciabli; folks 
look upon him as an unsafe neighbor 
of a cash-box, as an actual or poten- 
tial sensualist, the more virtuous in 
outward seeming, the more certainly 
loaded with secret "grave personal 
si us." 

Nevertheless, il is as certain as any- 
thing can be, that Joseph Priestley 
was no gloomy fanatic, but as cheerful 
and kindly a soul as ever breathed, 
the idol of children ; a man who was 
hated only by those who did not know 
him, and who charmed away the bit 
terest prejudices in personal inter- 
course ; a man who never lost a friend, 
and the best testimony to whose worth 
is the generous and tender warmth 
with which his many friends vied \viih 
one another in rendering him sub- 
stantial help, in all the crises of his 
career. 

The unspotted purity of Priestley's 
life, the strictness of liis performance 
of every duty, his transparent sincerity, 
Ihe iniostenlatious and deep-seated 
pietj- which breathes through all his 
correspondence, are in themselves a 
stifitcient refutaiion of the hypothesis 
invented by bigots to cover uncharila- 
bleness, that such opinions a.s his 
must arise from moral defects. And 
his statue will do as good service as 
ihe brazen image that was set upon a 
pole before the Israelites, if those who 
have been bitten by the fiery serpeuls 
of sectarian hatred, which still haunt 
this wilderness of a world, are made 
whole by looking upon the image of a 
lieretic, who was yet a saint. 

Though Priestley did not believe in I 
the natural imm irtality of man. he [ 
held with an almost naive realism, that 
man would be raised from the dead 
by a direct exertion of the power of 
God, and thenceforward be immortal. 
And it may be as welt for those who 
may be shocked by this doctrine lo 
know that views, substantially identi- 
cal with Priestley's, have been advo- 
cated, since his time, by two prelates 
of the Anglican Church : by Dr. 
Whately, Archbishop of Dublin, in 



his well-known "Essays;"* and bjr 
Dr. Courtenay, Bishop of Kingston 
in Jamaica, the first edition of whose 
remarkable book '■On the Future 
States," dedicaied to Archbishop 
Whately, was published in 1843 and 
the second in 1857. According to 
Bishop Courtenay, 



"The death of the body will c 
satinn of all die aclivity of the mind by wajr 
□f natural consequence ; Co cunCinue forever 
UNLESS the Creator should interfere." 



And 



agau 




"The natural end of human i 
the ' first death,' Ihe dreamless slumber of the 

erave, wherein man lies spellbound, soul and 
udy, under the dominion of sin and death — 
that whatever modes of conscious existence, 
whatever future states of life ' or ol ' torment ' 
beyond Hades are reserved for man, are re- 
sults o£ our blessed Lord's 
and death; that the resurrection 0/ the dead 
must be preliminary to their ei 
thcr of the future states, and that Ihe n 
and even existence of these s 
the mere fact that there is a futurity of con- 
sciousness, can be known irn/y through God'a 
revelation nf Himself in the Person and the 
Gospel of His Son."— P. 389. 

And now hear Priestley : — 

" Mail, according to this system (of n 
rialiam), is nil mote than we now see of 
His being commences at the lime of his ci 



in (he same sul)stance, grow, ripen, and deca}> 
together; and whenever the svstcm is dis- 
solved it continues in a state o{ dissolution 
(ill it shall please that Almighty Being who 

again." — " Matter and Spi 

And again ;— 

" The doctrine of the Scripture is, that God 
made man of the dust of the ground, and hj 
simply animating this organized matter, made' 
man that living percipient and intelligent be- 
inglhat heis. According to Revelation, rfm/i 
is a state of rest and insensibility, and our 
only though sure hope of a future life it 
foimded on the doctrine of the resurrection 
distant period J 
ranee being sulficently confirmed to' 
by Ihe evident tokens of a Divine 




■ First series. " On Some of the Peculiar!^ ' 
;a of the Christian Religion." Essay L 
cvel.ition of a Future Stale. 
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attending the persons who deliv- 
ered the doctrine, and especially by Ihc act- 
ual resuirecfion ot Jesus Christ, which is more 
authenlically attested than any other fact til 
hiitory." — /bid., p. 247. 

We all know that "a saint in crape 
is twice a saint in lawn ; " but il is not 
yet admiiied that the views which are 
consistent wiih such saintHness in 
lawn, become diabolical when held by 
a mere dissenter.* 

1 am not here either to defend or 
to attack Priestley's philosophical 
views, and 1 cannot say that I am 
personally disposed \o attach much 
value to episcopal authority in phi- 
losophical questions; but it seems 
right to call attention to the fact, that 
those of Priestley's opinions which 
have brought most odium upon hini, 
have been openly promulgated, with- 
out challenge, by persons occupying 
the highest positions in the State 
Church. 

I must confess that what interests 
me most about Priestley's material- 
ism, is the evidence that he saw dimly 
the seed of destruction which such 
materialism carries within its own 
bosom. In the course of his reading 
for his " History of Discoveries relat- 
ing to Vision, Light, and Colors," he 
had come upon the speculations of 
Boscovich and Michell and had been 
led to admit the sufficiently obvious 
truth that Our knowledge of matter is 
a knowledge of its properties ; and 
that of its substance — if it have a sub- 
stance — we know nothing. And this 
led lo the further admission that, so 



" Not onlv is Priestley at one with Bishop 
Courlenay in this matter, but with Hartley 
and Bonnet, both of them stout champions of 
Christianity. Moreover, Archbishop Whate- 
ly's essay is little better than an e.vpansion of 
the first paragraph of Hume's famous essay 
on the Immortality of the Soul : — " By the 
mere li^ht of reason it seems difficult to prove 
the immortality of the soul ; the arguments 
for it are commonly derived either from meta- 
physical topics, or nioral, or physical. But it 
IB m reality the Gospel, and the Gospel aloni" 
that 'ia.i\,TOM9yA.life and immortality to lights 
II is impossible lo imagine that a man of 
' Whately's tastes and acquirements had 
read Hume or Hartley, though he refers to 
neither. 



far as we can know, there may be no 
difference between ihe substance of 
matter and the substance of spirit 
("Disquisitions," p. 16). A step far- 
ther would have shown Priestley that 
his materialism was, essentially, very 
little diiferent from the Idealism of 
his conteniporarv, the Bishop of 
Cloyne. 

As Priestley's philosophy is mainly 
a clear statement of the views of the 
deeper thinkers of his day, so are his 
political conceptions based upon those 
of Locke. Locke's aphorism that 
"the end o£ government is the good 
of mankind," is thus expanded by 
Priestley ; — 

" It must necessarily be understood, tbere- 
forc, whether it be expressed or net, that all 
people live in society for their mutual advan- 
\ so that the gnod and happiness of the 
ibers, that is, of the majority of the mem- 
bers, of any state, is the great standard l>v 
n'hich everythinj; rebting to that state must 
finally be determined." (" Essay on the First 
Ptinciplesof Government." Second edition, 
'77'. P' '3-) 

The lilile sentence here interpo- 
lated, "that is, of the majority of the 
members of any state," appears to be 
that passage which suggested to Ben- 
thani, according lo his own acknowl- 
edgment, the famous "greatest happi- 
ness " formula, which by substituting 
" happiness " for " good," has con- 
verted a noble into an ignoble princi- 
ple, But I do not call to mind that 
there is any utterance in Locke quite 
so outspoken as the following passage 
in the " Essay on the First Principles 
of Government." After laying down 
as "a fundamental maxim in all gov- 
ernments," the proposition that 
" kings, senators, and nobles " are 
" the ser\-ants of the public," Priest- 
ley goes on to say : — 

" But in the largest states, if the abuses of 
the government should at any time be great 
and jnanifesi I if the servants of the people, 
forgetting their masters and their masters' 
interest, should pursue a separate one of 
their own ; if, instead of considering tliat 
they are made for the people, they should 
consider the people as made for them; if the 
oppressions and violation of riyht should be 
great, tlagranl, and universally resented ; if 
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the tyTanlJca.1 governors should have no 
friends but a few sjcophanls, who had long 
preyed upon the viials of their fellow-dli- 
lens, and who might be expected to desert a 
government whenever their interests should 
be detached from it; if in consequence of 
these circuinatances. it should become mani- 
fest that the risk which would be run in at- 
lempcinga revolution wo uid be trifling, and 
the evils which might be apprehended from 
it were far less than those which were act- 
ually suffered and which were daily Increas- 
ing : in the name of God, I ask, what prfnci- 
iilesare those which ought to restrain an in- 
ared and insulted people from asserting their 
natural rights, and from changing or even ; 
pimishing their governors — that is, their ser- 
vants — who had abused their tru3t, or from 
altering the whole form of their government, 
if it appeared to be of a structure so liable 
to abuse > " 

As a Dissenter, subject to the op- 
eration of the' Corporation and Test 
Acts, and as a Unitarian, excluded 
from the benefit of the Toleration Act, 
it is not surprising to find that Priest- 
ley had very definite opinions about 
Ecclesiastical Establishmenls ; the 
only wonder is that these opinions 
were so moderate as the following 
passages show them to have been ; — 

•" Ecciesiaslical authority may have been 
necessary in the infant state of society, and, 
for the same reason, it may perhaps continue 
to be, in some degree, necessary as long as 
society is imperfect ; and therefore may not 
be entirely abolished till civil governments 
have arrived at a much greater c&gree of per- 
fection. If, therefore, [ were asked whether 
I should approve of the immediate dissolu- 
tion of all the ecclesiastical establishments 
in Europe, I should answer, No. . . Let ex- 
periment be first nadeoialleratiom, or, which 
IS the same thing, of better istaUishments than 
thepiesenl. Let them he reformed in many 
essential articles, and then not thrown aside 
(Dlirely till it be found by experience that no 
good can be made of them." 

Priestley goes on to suggest fot]r 
such reforms of a capital nature : — 

■' I. Let the Articles of Faith to be sub- 
scribed by candidates for the ministry be 
greatly reduced. In the formulary of^ the 
Church of England, might not thirty-eight 
out of the thirty-nine be very well spared ? It 
is a reproach to any Christian establishment 
if every man cannot claim the benefit of it 
who can say that he believen in the religion 
of Jesus Christ as it is set forth in the New 
Testament. Vou say the terms are so gen- 
eral that even Deists would quibble andin- 



exclude Lleisls who will prcva 
cate; and upon this scheme you would ai 
least exclude fewer honest men."* 

The second reform suggested is the . 
equalization, in proportion to work 
done, of the stipends of the clergy j 
the third, the exclusion of the bishops 
from Parliament ; and the fourth, com- 
plete toleration, so that every man \ 
may enjoy the rights of a citizen, and 
be qualified to serve bis country, ^ 
whether he belong to the Established 
Church or not. 

Opinions such as those I have 
quoted, respecting the duties and (he 
responsibilities of governors, are the 
commonplaces of modern Liberalism ; 
and Priestley's views on Ecclesiasti- 
cal Establishments would, I fear, meet 
with but a cool reception, as altogether 
too conservative, from a large propor- 
tion of the lineal descendants of the 
people who taught their children to 
cry •' Damn Priestley ; " and, with that 
love for the practical application of 
science which is the source of the 
greatness of Birmingham, tried to set 
lire to the doctor's house with sparks 
from his own electrical machine; 
thereby giving the man they called an 
incendiary and raiser of sedition 
against Cliurch and King, an appro- 
priately experimental illustration of 
the nature of arson and riot. 

ff I have succeeded in putting be- 
fore you the main features of Priest- 
ley's work, its value will become ap- 
parent, when we compare the condi- 
tion of tlie English nation, as he knew 
it, with its present state. 

The fact that France has been for 
eighty-five years trying, without much 
success, to right herself after the 
great storm of the Revolution, is not 
unfrequently cited among us, as an 
indication of some inherent incapac- 
ity for self-government among the 
French people. 1 think, however, 
that Englishmen who argue thus, for- 
get that, from the meeting of the 
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Long Parliament in 1640, to tlie last 
Stuart rebellion in 1745, is a hundred 
and five years, and that, in the mid- 
dle of the last century, we had but just 
safely freed ourselves from our Bour- 
bons and all that lliey represented. 
The corruption of our state was as 
bad as that of the Second Empire. 
Bribery was the instrument of gov- 
ernment, and peculation its reward. 
Four-fifths of the seats in the House 
of Commons were more or less 
openly dealt with as property. A 
minister had to consider the stale of 
the vote market, and the sovereign 
secured a sufficiency of " king's 
friends" by paymenls allotted with 
retail, rather than royal, sagacity. 

Barefaced and brutal immorality 
and intemperance pervaded the land, 
from the liighest to the lowest classes 
of society. The Established Church 
was torpid, so far as it was not a 
scandal ; but those who dissented 
from it came within the meshes of the 
Act of Uniformity, the Test Act, and 
the Corporation Act. By law, such a 
man as Priestley, being a Unitarian, 
could neither teach nor preach, and 
was liable to ruinous fines and long 
imprisonment.* In those days, the 
guns that were pointed by the Church 
against the Dissenters were shotted. 
The law was a cesspool of iniquity 
and cruelty. Adam Smith was a new 
prophet whom few regarded, and com- 
merce was hampered by idiotic im- 
pediments, and ruined by still more 
absurd help, on the part of govern- 
ment. 

Birmingham, though already the 
center of a considerable industry, 
was a mere village as compared with 
its present extent. People who trav- 
eled went about armed, by reason of 
the abundance of highwaymen and the 
paucity and inefficiency of the police. 
Stage coaches had not reached Bir- 
mingham, and it look three days to 
get to London. Even canals were a 
recent and much opposed invention. 



• In 1733 Doddridge was cited for teach- 
ing without the Uiahop's leave, at North- 



Newton had laid the foundation of 
mechanical conception of the physi- 
1 universe : Hartley, putting a mod- 
ern face upon ancient materialism, had 
e.ttended that mechanical conception 
10 psychology; LinnEus and Haller 
were beginning to introduce method 
and order into the chaotic accumula- 
tion of biological facts. But those 
parts of physical science which deal 
'ih heat, electricity, and magnetism, 
and above all, chemistrj-, in the mod- 
sense, can hardly be said to have 
had an existence. No one knew that 
two of the old elemental bodies, air 
and water, are compounds, and that a 
third, fire, is not a substance but a 
Ion. The great industries that 
have grown out of the applications of 
modern scientific discoveries had no 
tence, and the man who should 
have foretold their coming into being 
the days of his son, would have 
been regarded as a mad enthusiast. 

In common with many other excel- 
lent persons, Priestley believed that 
man is capable of reaching, and will 
eventually attain, perfection. If the 
temperature of space presented no 
obstacle, I should be glad to enter- 
tain the same idea ; but judging from 
the past progress of our species, I am 
afraid that the globe will have cooled 
down so far, before the advent of this 
natural millennium, that we shall be, 
at best, perfected Esquimaux. For 
all practical purposes, however, it is 
enough that man may visibly improve 
his condition in the course of a cent- 
ury or so. And, if the picture of the 
state of things in Priestley's time, 
which I have just drawn, have any 
pretense to accuracy, I think it must 
be admitted that there has been a con- 
siderable change for the better, 

I need not advert to the well-worn 
topic of material advancement, in a 
place in which the very stones testify 
to that progress — in the town of Watt 
and of Boulton. I will only remark, 
in passing, that material advancement 
has its share in moral and inlellectuat 
progress. Becky Sharp's acute re- 
mark that it is not difficultlo be virtu- 
ous on ten thousand a year, has id 



application to nations ; and it is futile 
to expect a hungry and squalid popula- 
tion to be anything but violent and 
gross. But as regards other than ma- 
terial welfare, although perfection is 
not yet in sight — even from the mast- 
head—it is surely true (hat things are 
much better than they were. 

Take the upper and middie classes 
as a whole, and it may be said that 
oneii immorality and gross intemper- 
ance have vanished. Four and six 
boHie men are as extinct as the dodo. 
Women of good repute do not gamble, 
and talk modeled upon Dean Swift's 
" Art of Polite Conversation " would 
be tolerated in no decent kitchen. 

Members of the legislature are not 
to be bought ; and constituents are 
awakening to the fact that votes must 
not be sold — even for such trifles as 
rabbits and lea and cake. Political 
power has passed into the hands of 
the masses of the people. Those 
whom Priestley calls their servants 
have recognized their position, and 
have requested the master to be so 
good aa to go to school and fit himself 
for the administration of his property, i 
No civil disability attaches to any' 
one on theological grounds, and the 
highest offices of the state are open 
to Papist, Jew, or Secularist, 

Whatever men's opinions as to the 
policy of Establishment, no one can 
hesitate to admit that the clergy of the 
Church are men of pure life aud con- 
versation, zealous in the discharge of 
their duties ; and, ai present, appar- 
ently, more bent on prosecuting one 
another than on meddling with Dis- 
senters. Theology itself has broad- 
ened so much, that Anglican divines 
put forward doctrines more liberal 
than those of Priestley ; and, in our 
stale-supported churches, one listener 
may hear a sermon to which Bossuet 
might have given his approbation, 
while another may hear a discourse in 
which Socrates would find nothing 
new. 

But great as these changes may be, 
they sink into insignificance beside 
the progress of physical science, 
whether we consider the improve- 



ment of methods of investigation, or 
the increase in bulk of solid knowl- 
edge. Consider that the labors of 
Laplace, of Young, of Davy, and^of 
Faraday ; of Cuvier, of Lamarck, and 
of Robert Brown ; of Von Baer, and 
of Schwann ; of Smith and of Hutton, 
have all been carried on since Priest- 
ley discovered oxygen; and consider 
that they are now things of the past, 
concealed by the industry of those ■ 
who have built upon them, as thft I 
first founders of a coral reef are hid- 
den beneath the life's work of their 
successors ; consider tliat the methods 
of physical science ate slowly s|)read- 
ing into all investigations, and that 
proofs as valid as those required by 
her canons of investigation, are being 
demanded of all doctrines which ask 
for men's assent ; and you will have 
a faint image of the astounding dif- 
ference in this respect betweei 
nineteenth century and the eighteenth, 1 
If we ask what is the deeper meaiv. i 
ing of all these vast changes, I thinl 
there can be bur one reply. The 
mean that reason has asserted and e. 
' ercised hsr primacy over all provinct 
of human aaivity : that ecclesiastical 
authority has been relegated to its 
proper place; that the good of ihe 
governed has been finally recognized 
as ihe end of government, and the 
complete responsibility of governors 
to the people as its means : and that 
the dependence of natural phenomena J 
in general, on the laws of action cnEI 
what we call matter has become aiiW 

But it was to bring these things 
about, and to enforce the recognition 
of these truths, that Joseph Priesdey 
labored. If the nineteenih century is 
other and better than the eighteenth, 
it is, in great measure, to him and to 
such men as he, that we owe the 
change. If the twentieth century is 
to be better than the nineteenth, it 
will be because there are among us 
men who walk in Priestley's footsteps. 

Such men are not those whom their 
own generation delights to honor ; 
such men, in fact, rarely trouble 
themselves about honor, but ask. 
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another spirit than Falstaff's, " WhnI 
is honor? Who liaih it? He that 
died o' Wednesday." But whether 
Priestley's lot be theirs, and a future 
generation, in justice and ingratitude, 
sec up their statues ; or whether their 
names and fame are blotted out from 
remembrance, their work will live as 
long as time endures. To all eternity, 
the sun of truth and right will have 
been increased by their means ; to all 
eternity, falsehood and injustice will 
be the weaker because they have lived. 



ON SENSATION AND THE UNITY OF 
STRUCTURE OF SENSIFEBOUS OR- 
GANS.* 

The maxim that metaphysical in- 
quiries are barren of result, and that 
the serious occupation of the mind 
\Tith them is a mere waste of time and 
labor, finds much favor in the eyes of 
the many persons who pride them- 
selves on the possession of sound 
common sense ; and we sometimes 
hear it enunciated by weighty author- 
ities, as if its natural consequence, the 
suppression of such studies, had the 
force of a moral obligation. 

In this case, however, as in some 
others, those who lay down the law 
seem to forget that a wise legislator 
wil! consider, not merely whether his 
proposed enactment is desirable, but 
whether obedience to it is possible. 
For, if the latter question is answered 
negatively, the former is surely hardly 
worth debate. 

Here, in fact, lies the pith of the 
reply to those who would m.ike met- 
aphysics contraband of intellect. 
Whether it is desirable to place a 
prohibitory duty upon philosophical 
speculations or not, it is utterly impos- 
sible to prevent the importation of 
them into the mind. And it is not a 
little curious to observe that those 




who most loudly profess I 
from such com; 
while, unconscious cxinsumers, 
great scale, of one or other of their 
multitudinous disguises or adulter- 
ations. With mouths full of the par- 
ticular kind of heavily buttered toast 
which they affect, they inveigh against 
the eating of plain bread. In truth, 
the attempt to nourish the human in- 
tellect upon a diet which contains no 
metaphysics is about as hopeful as 
that of certain Eastern sages to 
nourish their bodies without destroy- 
ing life. Everybody has heard the 
story of the pitiless microscopisl, who 
ruined the pence of mind of one of 
these mild enthusiasts by showing 
him the animals moving in a drop of 
the water with which, in the innocency 
of his heart, he slaked his thirst; anil 
the unsuspecting devotee of plain 
common sense may look for as unex- 
pected a shock when the magnifier of 
severe logic reveals the germs, if not 
the full-grown shapes, of lively meta- 
physical postulates rampant amidst 
his most positive and matter-of-fact 



By way of escape from the meta- 
physical Will-o'-the-wisps generated 
in the marshes of literature and the- 
ology, the serious student is some- 
times bidden to betake himself to the 
solid ground of physical science. 
But the fish of immortal memory, who 
threw himself out of the frying-par. 
into the fire, was not more ill ad- 
vised than the man who seeks sanct- 
uary from philosophical persecution 
within the walls of the obsen-atoiy or 
of the laboratory. It is said that 
"metaphysics" owe their nmie to 
the fact that, in Aristotle's works, 
questions of pure philosophy are dealt 
with immediately after those of 
physics. If so, the accident is happily 
symbolical of the essential relations 
of things ; for metaphysical specu- 
lation follows as closely upon physical 
theory as black care upon the horse- 
man. 

One need but mention such funda- 
mental, and indeed indispensable, 
conceptions of the natural philosopbei 



as ihose of atoms a.nd forces : or that 

n coil side I 
disiance : or that of potential energy ; 
or the antinomies of a vacuum and a 
plenuiTi ; to call to mind the metaphy- 
sical background of phy 



chem 



while, 



the case" i; 
What is an individi 
lower plants and i 
genera and species r 
slractions ? Is there 
Vital Fo; 
a mere rt 



he biological 
still worse, 
il among the 
limals? Are' 
aliiies or ab- 
ich a thing as 
the name denote 
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iietn physical feiichism 
; of final causes legiti- 
mate or illegiiimale? These are a 
few of the metaphysical topics which 
are suggested by tiie most elementary 
study of biological facts. But, more 
ihan this, it may be truly said that 
the roots of every system of philoso- 
phy lie dec|i among the facts of phys- 
iology. No one can doubt that the 
organs and ihe fiuictions of sensation 
are as much a part of the province of 
the physiologist, as are the organs and 
functions of motion, or those of diges- 
tion ; and yet it is impossible to gain 
an acquaintance with even the rudi- 
ments of the physiology of 
without being led straight I 
the most fundaiuenlal of all 
sical problems. In fact, thi 
operations have been, from 
memorial, the battle-ground of philos- 
ophers. 

I have more than once taken occa- 
sion to point out that we are indebted 
to Descartes, who happened to be a 
physiologist as well as a philosopher, 
for the first distinct enunciation of the 
essential elements of the true theory 
of sensation. In later times, it is not 
to the works of the philosophers, if 
Hartley and James Mill are excepted, 
but to those of the physiologists, that 
we must turn for an adequate account 
of the sensory process. Mailer's 
luminous, though summary, account 
of sensation in his admirable " PrimEe 
LinCiB," the first edition of which was 
printed In 1747, offers a striking 
contrast to the prolixity and confu- 
1 of tliought which pervade Reid's 
ilnquiry," of idvcnteen years' later 




date.* Even Sir William Hamilton, , 
learned historian and acute c 
he was, not only failed to apprehend 
the philosophical bearing of long-es- 
tablished physiological truths; but, 
■hen he affirmed that there is no rea- 
30 to deny thai ihe mind feels at the 
finger points, and none to assert that 
the brain is the sole organ of thought, 
le showed liiat he had not apprehend- 
ed the significance of the revolution 
commenced, two hundred years before 
his lime, by Descartes, and effeclively 
followed up by Halter, Hartley, and | 
Bonnet, in the middle of the last cent- J 
ury.t 

In irnib, the theory of sensation,' 
except in one point, is, at the present ] 
moment, very much where Hartley, 
led by a hint of Sir Isaac Newton's, 
left it, when, a hundred and twenty 
years since, the "Observations 1 
Man : his Frame, his Duty, and his 
Expectations," was laid before the 
world. The whole matter is put in a 
nutshell in the following passages of 
this notable book. 

" External objects impressed upon the 
senses occ^isioii, lirsl or. -he nerves on which 
they are impressed, and then on the biaiti, 
vibrations o£ the small and, as we may say, 
infinitesimal medullary panicles. 

" These vibrations are motions backward 
and forward of the small fiarticles ; of the 
same kind with the oscillations of penduluma 
and (he tremblings of the particles of sound- 
ing bodies. They miut be conceived to be 
exceedingly short and small, so 
have the least efficacy tc disturb 01 
'hole bodies of the nerves or brain." (Vol. l, 1 
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stated t! 



ice to Keid, however, it should b 
the chapters on sensation in th_ 
■- r-ssays on the Intellectual Powers" (1785) 
exhibit a great improvement. He is, in fact, 
in advance of his coramenlator, as the 
Essay II. chap. ii. p. 348 of Hamiltot 
tion shows. 

t Sir William Hamilton gravely informa 
his hearers ; — " We have no mure right to 
deny that the mind feels at the finger points, 

that it thinks exclusively in Ihe brain." — 
" Lecture on Metaphysics and Logic," ii. p. 
iiH. "We have no reason whatever to 
doubt the report of consciousness, that we 
actually perceive at the external point of 
sensation, and that we perceive the material 
reality," — /iid. p. 1:9. 




"The white raeduIiarT siilisWace o£ the 
brain is also ihe immctiiiile inslrument by 
nhich ideas are |)reEc:iUcd tu the iiiintl ; oc, 
iti other words, whatever changes are mide 
in this substance, corresponding changes are 
made in our ideas : and viti versa" {/liiil. p. 
8.)' 

Hartley, like Haller, had no con- 
ceplioti of tlie nature and functions o£ 
the gray matter of the firaJn. But, \i 
for"wliite medullary substance," in 
ilie latter paragraph, we substitute 
"gray cellular substance," Hartley's 
propositions embody the most proba- 
ble conclusions which are to be drawn 
from the latest investigations of phys- 
iologists. In order to judge how 
completely this is the case, it will be 
well to study some simple case of 
sensation, and, following the example 
of Reid and of James Mill, we may 
begin with the sense of smell. Sup- 
pose that I become aware of a musky 
scent, to which the name oE"muski- 
ness"maybe given. I call this an 
odor, and I class it along with the 
feelings of light, colors, sounds, tastes, 
and the like, among those phenomena 
which are known as sensations. To 
say that I am aware of this phenome- 
non, or that I have it, or that it exists, 
are simply different modes of affirm- 
ing the same facts. If I am asked 
how I know that it exists, I can only 
reply that^its existence and my knowl- 
edge of it are one and the same thing 
in short, that my knowledge is imme- 
diate or intuitive, and, as such, is 
possessed of the highest conceivable 
degree of certainty.' 

The pure sensation of muskiness ij 
almost sure to be followed by a men- 
tal state which is not a sensation, but 
a belief, that there is somewhere close 
at hand a something on which the 
existence of the sensation depends. 
It may be a musk-deer, or a musk-rat, 
or a musk-plant, or a grain of dry 
musk, or simply a scented handki 



* The speculations of Bonnet an 
markably similar to those of Hartley; atid 
they appear to hare originated independently, 
though the " Esiai de I'aycholoRie (1754) is 
of live years' later date than thc"01»en-a- 
tionsonMan"(i;49). 



ief; but former experience leads 
believe that the sensation is due 
the presence of one or other of these 
objects, and that it will vanish if the 
object is removed. In other words, 
there arises a belief in an exi 
cause of the muskiness, which, 
common language, is termed an o( 
ous body. 
But the manner in which this beRi 
usually put into words is strangely 
misleading. If we are dealing with a 
musk-plant,forexample,we do not con- 
fine ourselves to a simple statement of 
that which we believe, and say that 
the musk-plant is the cause of the sen- 
sation called muskiness; but we say 
that the plant has a musky smell, and 
we speak of the odor as a quality, or 
property, inherent in the plant. And 
the inevitable reaction of words upon 
thought has in this case become so 
complete, and has penetrated so deep- 
ly, that when an accurate statement of 
the case — namely, that muskine.ss, in- 
asmuch as the term denotes nothing 
but a sensation, is a mental state, and 
has no existence except as a menial 
phenomenon— is first brought under 
the notice of common-sense folks, it is 
usually regarded by them as what ihey 
are pleased to call a mere metaphysi- 
cal paradox and a patent example of 
useless subtlety. Yet the slightest re- 
flection must suffice to convince any 
one possessed of sound reasoning fac- 
ulties, that it is as absurd to suppose 
that muskiness is a quality inherent in 
one plant, as it would be to imagine 
that pain is a quality inherent in an- 
other because we feel pain when a 
thorn pricks the finger. 

Even the common-sense philoso- 
pher, /nr cxfrrZ/Mfc, says of smell : " It 
appears to be a simple and original 
affection or feeling of the mind, alto- 
gether inexplicable and unaccounta- 
ble. It is indeed impossible that il 
can be in anybody ; it is a 
and a sensation can only be 
tient thing." * 



jrds. 



•"An Inquiry into the Human Mind on 
the Principles of Common Sense," chap. 11. 5 
:. I c'd aRirms that " It is genius, and r.m 



AND OTHER ESSAYS. 



That which is true of musliiness is 
true of every otlier odor. Lavender- 
smell, clove-smell, garlic-smell, are, 
like " muskiness," nnmes of stales of 
consciousness, ant! have no existence 
except. as such. Bui, in ordinary lan- 
gaage, we speak of all these odors as 
if they were independent entities re- 
siding in lavender, cloves, and garlic : 
and it is not without a ceriaio strug- 
gle that the false memphysic of so- 
called common sense, thus ingrained 
in us, is expelled. 

For the present purpose, it is un- 
necessary to inquire into the origin of 
our belief in external bodies, or inio 
that of the notion of causation. As- 
suming the existence o£ an exiemal 
world, there is no difficulty in obtain- 
ing experimental proof that, as a gen- 
eral rule, olfactory sensations are 
caused by odorous bodies; and we 
may pass on to the next step of the in- 
quiry—namely, how the odorous body 
produces ihe elfect attributed to it. 

The first point to be noted here is 
another fact revealed by experience ; 
that the appearance of tlie sensation is 
governed, not only by the presence of 
the odorous substance, but by ilie 
condition of a certain part of our cor- 
poreal structure, the nose. If the nos- 
trils are closed, the presence of the 
odorous substance does not give rise 
to the sensation ; while, when they are 
open, the sensation is intensified by 
the approximation of the odorous sul> 
md by snuffing up 



the adjaceii 


air in such a manner as 


to draw it 


into the nose. On the 


other hand. 


looking at an odorous 


substance, o 


r rubbing it on the skin. 


or holding 


it to the ear, does no; 


awaken the 


sensation. Thus, it can 



ihe want of il, that adullcratcs philosoph' 
and fills It with error and false theory ; " an 
no doubt his own lucubrations are free from 
the smallciil taint of the impurity to which ht 
objects. But, for want of something mor! 
than that sort of " common sense," which i; 
very common and a little dull, the conlemne: 
of genius did not notice that the admission 
here made knocks so big a hole in the bottom 
of " common sense philosophy." that iiothinB 
can save il from foundering in the dreaded 
abyss of Idealism, 



readily established by experiment 
thai the perviousness of the nasal pas- I 
,ages is, in some way, essential to the 
.ensory function ; in fact, that the or- * 
;an of that function is lodged some- ' 
vhere in the nasal passages. And, 
lince odorous bodies give rise to dieir J 
effects at considerable distances, the 1 

iggestion is obvious that .something J 

ust pass from them int(f the sense 

■gan. What is this " something," 
which plays the part of an iiitermedi- J 
ary between the odorous body and the i 
sensor}' organ ? I 

The oldest speculation about the 1 
matter dates back to Democrii 
the Epicurean School, and it is to be ' 
found fidiy stated in the fourth book 
of Lucretius, .It comes to this : that 
the surfaces of bodies are constantly 
throwing off excessively attenuated 

of their own substance : and that ' 
these films, reaching the mind, excite | 
the appropriate sensations 

Aristotle did not admit the existence • 
of any such material films, but con- 
ceived that it was the form ofthesui> 
stance, and not its matter, which af- 
fected sense, as a seal impresses wax, 

thout losing anything in the prtjcess. 

While many, if not the majority, of 

the Schoolmen took up an intemiedi- 

position and supposed that a somC' 

ig, which was not exactly either ■! 

:erial or immaterial, and which f 

they called an "intentional species," 

effected the needful ( 

between the bodily can; 

and the mind. 

But all these notions 
be said for or against them in gener- 
al, are fundamentally defective, by. 
reason of an oversight which was iO' 
evitable, in the state of knowledge at 
the time in which they were promul- 
gated. What the older philosophers 
did not know, and could not know, be- 
fore the anatomist and the physiolo- 
gist had done their work, is that, be- 
tween the external object and that 
mind in which they supposed the sen- 
sation to inhere, there lies a physical 
obstacle. The sense organ is not a 
mere passage by which the " tenuia 
lentional 
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Species " cast off by objects, or tile 
'• forms " of sensible ihings, pass 
slraigiit 10 the mind ; on the contrary, it 
stands as a firm and impervious bar- 
rier, tliroiigh which tio material pani- 
cle of the world without can make its 
way to ihc world witliin. 

Let us consider the olfactory sense 
organ more nearly. Each of the nos- 
trils leadyintoa passage com[)letely 
separated from the other bj; a par- 
tition, ami these two passages place 
the nostrils in free comraimication 
with the back of the tliroat, so that 
they freely transmit the air passing to 
the lungs when the mouth is shut, as 
in ordinary breathing. The floor of 
each passage is fiat, but ils roof is a 
high arch, the crown of which is seat- 
ed between the orbital cavities of the 
skull, which serve for the lodgi 
and protection of the eyes; and it 
therefore lies behind tlie appar 
limits of that feature which, in o 
nary language, is called the nc 
From the side walls of the upper ; 
back part of these arched chambi 
certain delicate plates of bone pro- 
ject, and these, as well as a consider- 
able part of the partition between the 
two chambers, are covered by a fine, 
soft, moist membrane. It is to this 
" Schneiderian," or olfactory, mem- 
brane that odorous bodies must ob- 
tain direct access, if they are to give 
rise to their appropriate sensations; 
and it is upon the relatively large sur- 
face, which the olfactory membrane 
offers, that we must seek for the seat 
of the organ of the olfactory 
The only essential part of that organ 
consists of a multitude of minute rod- 
like bodies, set perpendicularly to the 
surface of the membrane, and form^ 
ing a part of the cellular coat, oi 
epithelium, which covers the olfactory 
membrane, as the epidermi: 
the skin. ]n the case of the olfactory 
sense, there can be iio doubt that the 
Democritic hypothesis, at anj' rate 
for such odorous substances as musk, 
has a good foundation. Infinitesii 
particles of musk fiy off the surface 
of the odorous body, and, becoming 
diffused through the air, are carried 



he nasal passages, and thence 
ihe olfactory chambers, where 
they come into contact with the fila- 
extremities of the delicaie 
olfactory epithelium. 

But this is not all. The "mind" 
; not, so to Sf>eak, upon tlie other 
;de of the epithelium. On the con- 
trary, the inner ends of the olfaclorj- 

lis are connected with nerve fibers, 

d these nerve fibers, passing into 
the cavity of the skul!, at length end 
part of the brain, the olfactory 
irium. It is certain that the in- 
tegrity of each, and the physical in- 
■connection of all these three struc- 
tures, the epithelium of the sensory 
organ, the nerve fibers, and the sen- 
sorium, are essential conditions of 

rdinary sensation. That is to saj-, 
the air m the olfactory chambers may 
be cbai^d with panicles of musk; 
but, if either the epithelium, or the 
nerve fibers, or the sensorium is in- 
jured, or if they are physically discon- 
ed from one another, sensation 
not arise. Moreover, the 'epithe- 
lium may be said to be receptive, the 
lerve fibers transmissive, and the sen- 
orium sensifacient. For, in the act 
if smelling, the particles of the odor- 
■us substance produce a molecular 
change (which Hartley was in all 
probability right in terming a vibra- 
i) in the epithelium, and this 
change being transmitted to the nerve 
fibers, passes along them with a 
measurable velocity, and, finally 
reaching ihe sensorium, is immedi- 
atelv followed by the sensation. 

Thus, modern investigation sup- 
plies a representative of the Fpicurean 
simulacra in the volatile particles of 
the musk; but it also gives us the 
stamp of the particles on the olfactory 
epithelium, without any transmission 
of matter, as the equivalent of the 
Aristotelian "form;" while, finally, 
the modes of motion of the molecules 
of the olfactory cells, of the nerve, 
and of the cerebral sensorium, which 
are Hartley's vibrations, may stand 
very well for a double of the "inten- 
tional species" of the Schoolmen. 
And this last remaik is not intended 



merely to suggest a fanciful parallel; 
fur, it [he cause of the sensation is, 
as analogy suggests, to be sought in 
ihe mode of inoiion of the object of 
sense, then it is quitu possible that 
the pni'licuiar mode of motion of the 
object is reproduced in the senso- 
rium ; exactly as the diaphragm of a 
telephone reproduces (he mode of 
motion taken up at its receiving end. 
In other words, [he secondary " in- 
tentional species" may be, as the 
Schoolmen thought the primary one 
was, the last link between matter and 

None the less, however, does it re- 
main true that no similarity exists, 
nor indeed is conceivable, between 
the cause of the sensation and the 
sensation. Attend as closely to the 
sensaiions of nuiskiness, or any other 
odor, as we will, no trace of exten- 
sion, resistance, or motion is discerni- 
ble in them. They have no attribute 
in common with those which we as- 
cribe to matter; they are, in the 
strictest sense of the words, imma- 
terial entities. 

Thus, the most elementary study of 
sensation justifies Descartes' position, 
that we icnow more of mind than we 
do of body ; that the immaterial world 
is a hnncr reality than the material. 
For thu sensation "muskiness" is 
known immedialely. So long as it 
persists, it is a part of what we cal! 
our thinking selves, and its existence 
lies beyond the possibility of doubt. 
The knowledge of an objective or 
material cause of the sensation, on 
the other hand, is mediate ; it is a be- 
lief as contradistinguished from an 
intuition ; and it is a belief which, in 
any given instance of sensation, may 
by possibility, be devoid o£ founda- 
tion. For odors, liivc other sensa- 
tions, may arise from the occurrence 
of the appropriate molecular changes 
in the nerve or in the sensorium, by 
the operation of a cause distinct from 
the affection of the sense organ by an 
odorous body. Such " subjective " 
sensations are as real existences as 
any others, and as distinctly suggest 
an external odorous object as t' 



cause; but the belief thus generated^ 
is a delusion. And, if beliefs ar&| 
properly termed " testimonies of con- 
sciousness," then undoubtedly the 
testimony of consciousness may be, 
and often is, untrustworthy. 

Another i-ery important considera- 
tion arises out of the facts as they are 
now known. That which, in the ab- 
sence of a knowledge of the physi- 
ology of sensation, we call the cause 
of the smell, and term the odorous 
object, is only such, mediately, by 
reason of its emitting particles which 
give rise to a mode of motion in the 
sense organ. The sense organ, again, 
is only a mediate cause by reason of 
its producing a molecular change in the 
nerve fiber; while this last change is 
also only a mediate cause of sensa- 
tion, depending, as it does, upon the 
change which it excites in the sen- 

The sense organ, the ner\'e, and the 
sensorium, taken together, constitute 
the sensiferous apparatus. They 
make up the thickness of the wall be- 
tween the mind, as represented by 
the sensation "muskiness" and the 
object, as represented by the particle 
of musk in contact with the olfactory ' 
epithelium. 

It will be obsen-ed that the sensif- 
erous wall and the external world 
are of the same nature ; whatever it 
is that constitutes them both is ex- 
pressible in terms of matter and mo- 
tion. Whatever changes take place 
in the sensiferous apparatus are con- 
tinuous with, and similar to, those 
which take place in the external 
world.* But with the sensorium, 
matter and motion come to an end ; 
while phenomena of another order, or 
immaterial states of consciousness, 
make their appearance. How is tlie 
relation between the material and the 
immaterial phenomena to be con- 
ceived ? This is the metaphysical 
problem of problems, and the solu- 
tions which have been suggested have 
been made the corner-stones of sys- 
tems of philosopKy Three mutually 
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irreconcilable readings of ihe riddle 
have been offered. 

The first is, that an immaterial 
substance of mind exists; and that 
it is affected by the mode of motion 
ot the sensoriuni in such a way as to 
give rise to the sensation 

The second is, that the sensation 
is a direct effect of the mode of mo- 
tion of ihp sensorium, brought about 
without the intervention of any sub- 
stance of mind. 

The ihird is, that the sensation is 
neither directly nor indirectly an ef- 
fect of the mode of motion of the sen- 
sorium, but that it has an independ- 
ent cause. Properly speaking, there- 
fore, it is not an efiect of the motion 
of the sensorium, but a concomitant 
of it. 

As none of these hypotheses is capa- 
ble of even an approximation to de- 
monstration, it is almost needless lo 
remark that they have been severally 
held with tenacity and advocated 
with passion, I do not think it can 
be said of any of the three that it is 
inconceivable, or that it can be as- 
sumed on a ^w/V grounds to be 
possible. 

Consider the first, for example; 
immaterial substance is perfectly 
ceivable. Jn fact, it is obvious that 
if we possessed no sensations but 



e should 



concep- 



inose of smell and hearing, 
be unable to conceive a ma 
stance. We might have ; 
tion of time, but could havi 
extension, or of resistance or of mo- 
And without the three latter 
conceptions no idea of matter could 
be formed. Our whole knowledge 
would be limited to that of a shifting 
succession of immaterial phenomena. 
But, if an immaterial subslance may 
■able 
be one 
propositions may 
iplete dialectic 



exist. It may h 
properties ; and 
of them. All thes 
be affirmed with 
safety, inasmuch 



they c 



t pos- 



ibly be disproved ; but neither 
a particle of demonstrative evidence 
be offered in favor of the existence 
of an immaterial substance. 

As regards the second hypothesis, 
it certainly is not inconceivable, 
and therefore it may be true, that sen- 
sation is the direct effect of certain 
kinds of bodily motion. It is just as 
easy to suppose this as to suppose, on 
the former hypothesis, that bodily 
motion affects an immaterial sub- 
stance. But neither is it susceptible 

And. as to the third hypothesis, 
since the logic of induction is in no 
case competent to prove that events 
apparently standing in the relation ot 
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cause and effect may not both bt 
effects of a common cause— that also 
is as safe from refulaiion, if as incapa- 
ble of demonstration, as the other 
two. 

In my own opinion, neither of these 
speculations can be regarded serious- 
ly as anything hut a more or less con- 
venient working hypothesis. Hut, if 
I must choose among them, I take the 
"law of parcimony" for my guide, 
and select the simplest — namely, that 
the sensation is the direct effect of 
the mode of motion of the sensorium. 
It may justly be said that this is not 
the slightest explanation of sensation ; 
but then am I really any the wiser, if 
I say ihat a sensation is iin activity 
(of which I know nothing) of a sub- 
stance of mind (of which also I know 
nothing) ? Or, if I say that the Deity 
causes the sensation lo arise in my 
mind immediately after He has 
caused the particles of the sensorium 
to move in a certain way, is anything 
gained ? In truth a sensation, as we 
have already seen, is an intuition— a 
part o£ immediate knowledge. As 
such, it is an ultimate fact and inex- 
plicable ; and all that we can hope to 
find out about it, and that indeed is 
L wort h finding out, is its relation lo other 

ft natural facts. That relation appears 

I to me to be sufHciently expressed, for 

W all practical purposes, by saying that 

r sensation is the invariable consequent 

of certain changes in the 
or, in other words, that, 
know, the change in the 
the cause of the sensation. 

I permit myself to imagine that the 
untutored, if noble, savage of " com- 
L nion sense" who has been misled 

into reading thus far by the hope of 
getting positive solid information 
about sensation, giving way to not un- 
natural irritation, may here interpel- 
late : " The upshot of all this long 
disquisition is that we are profoundly 
ignorant. We knew that to begin 
with, and you have merely furnished 
another example of the 
uselessness of metaphysics." But I 
venture lo reply, Pardon 
ignorant, but you did not know it. 
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On the contrary, you thought you 
knew a great deal, and were quite 
satisfied with the particularly absurd 
metaphysical nonons which you were 
pleased to call the teachings of com- 
mon sense. You thought that your 
were properties of exter- 
nal things, and had an existence out- 
side of yourself. You thought that 
you knew more about material than 
you do about immaterial existences. 
And if, as a wise man has assured us, 
the knowledge of what we don't know 
's the next best thing lo the knowl- 
;dge of what we do know, this brief 
excursion into the province of phi- 
losophy has been highly profitable. 

Of ail die dangerous mental habits, 
that which schoolboys call " cocksure- 
ness " is probably the most perilous ; 
and the inestimable value of meta- 
physical discipline is that it furnishes 
an effectual counterpoise to this evil 
proclivity. Whoso has mastered the 
elements of philosophy knows that 
the attribute of unquestionable ce^ 
tainty appertains only to the exist- 
ence of a state of consciousness so 
long as it exists; all other beliefs 
nre mere probabilities of a higher or 
lower order. Sound metaphysic is an 
amulet which renders its professor 
proof alike against the poison of 
superstition and the counterpoison 
of nihilism ; by showing that the affir- 
mations of the former and the denials 
of the latter alike deal with matters 
about -which, for lack of evidence, 
nothing can be either affirmed or de- 

I have dwelt at length upon the 
nature and origin of our sensations of 
smell, on account of the compara- 
tive freedom of the olfactory sense 
from the complications which are met 
with in most of the other senses. 

Sensations of taste, however, are 
generated in almost as simple » 
fashion as those of smell. In this 
case, the sense organ is the epilheliuni 
which covers the tongue and the 
palate ; and which sometimes, becom- 
injj; modified, gives rise to peculiar 
organs termed "gustatory bulbs,'' 





ill which the epitlielial cells elongaie 
and assiiine a somewhat rod-like form. 
Nerve fibers connect the sensory 
organ with the sensoriiim, and tastes 
orHavors are states of consciousness 
caused hy (he change of molecular 
state of the latter. In the case of the 
sense of touch there is often no sense 
organ distinct from the general epi- 
dermis. , But many fishes and amphi- 
bia exhibit local modifical ions of the 
epidermic cells which are sometimes 
extraordinarily like ihe gustatory 
bulbs ; more commonly, both in lower 
and higher animals, the eilect of the 
contact of external bodies is inten- 
sified by the development of hair- 
like filaments, or of true hairs, the 
bases of which are in immediate 
relation with the ends of the sen- 
sory nerves. Every one must have 
noticed the extreme delicacy of the 
sensations produced by the contact 
of bodies with the ends of the haii 
the head; and the "whiskers" 
cats owe iheir functional importance 
to the abundant supply of nerves 
the follicles in which their bases are 
lodged. What part, if any, the 
so-called "tactile corpuscles," " end 
bulbs," and " Pacinian bodies," play 
in ihe mechanism of touch is unknc 
If they are sense organs, they are 
exceptional in character, in so far as 
they do not appear to be modifica- 
tions of the epidermis. Nothing is 
known respecting (he organs of those 
sensations of lesisiance which are 
grouped under the head of the mus- 

warmth and cold; nor of that very 
< singular sensation which we call tick- 
ling. 

In the case of heat and cold, the 
organism not only becomes affected 
liy external bodies, far more remote 
than those which affect the sense of 
smell ; but the Democriiic hypothesis 
is obviously no longer permissible. 
When the direct rays of the sun fall 
upon the skin, the sensation of heat 
is certainly not caused by " attenu- 
ated films " thrown off from that lu- 
minary, but is due to a mode of mo- 
tion which is transmitted to us. In 



Aristotelian phrase, it Is the form 
without the matter of the sun which 
stamps the sense organ -, and this, 
translated into modern language, 
means nearly the same thing as 
Hartley's vibrations. Thus we arc 
prepared for what happens in the 
case of the auditory and the visual 
senses. For neither the ear, nor tlie 
eye, receives anything but the im- 
pulses or vibrations originated by 
■ nninous bodies. Never- 
ihe receptive apparatus still 
of nothing but specially mod- 
ified epithelial cells. In Ihe labyrinth 
of the ear of the higher animals, the 
free ends of these cells terminate in 
excessively delicate hair-like fila- 
ments ; while, in the lower forms of 
auditory organ, its free surface is 
beset with delicate hairs like those 
of the surface of the body, and the 
transmissive nerves are connected 
with the bases of these hairs. Thus 
there is an insensible gradation in 
the forms of the receptive apparatus 
from the organ of touch, on the one 
hand, to those of taste and smell ; 
and, on the other hand, to that of 
hearing. Even in the case of the 
most refined of all the sense organs, 
that of vision, the receptive apparatus 
departs but little from the genera! 
type. The only essentia! constituent 
of the visual sense organ is the retina, 
which forms so -small a part of the 
eyes of the higher animals; and the 
simplest eyes are nothing but por- 
tions of the integument, in which the 
cells of the epidermis have become 
converted into glassy, rod-like retinal 
corpuscles. The outer ends of these 
are turned toward the light; iheir 
sides are more or less extensively 
coated with a dark pigment, and their 
inner ends are connected with the 
transmissive nerve fibers. The light, 
impinging on these visual rods, pro- 
duces a change in them whicii is 
communicated to the nerve fibers, 
and, being transmitted to the senso- 
rium, gives rise to the sensation — if 
indeed all animals which possess eyes 
are endowed with what we understand 
as sensation. 
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AND OTHER ESSAYS. 



In the higher animals, a complicai- 
cd appartus of lenses, arranged on ilie 
principle of a camera obscura, serves 
at once to concentrate and lo individ- 
ualize the pencils of light proceed- 
ing from external bodies. But the es- 
sential part of tlie organ of vision is 
still a layer of cc-lls, whicii have the 
form of rods with truncated or conical 
ends. By what seems a strange anom- 
aly, however, the glassy ends of these 
are turned not toward, but away 
from, the light ; and the latter has to 
traverse the layer of nervous tissues 
with which tiieir outer ends are con- 
nected, before it can affect them. 
Moreover, the rods and cones of the 
vertebrate retina are so deeply sealed, 
and in many respecis so peculiar in 
character, that it appears impossible, 
at first sight, that they can have any 
thing to do with that epidermis of 
which gustatory and tactile, and at 
any rate the lower forms of auditory 
and visual, organs are obvious modi- 
fications. 

Whatever be the apparent divers- 
ities among the sensiferous appa- 
ratuses, however, they share certain 
common characters. Each consists 
of a receptive, a transmissive, and a 
sensificatory portion. The essential 
part of ihe lirst is an epithelium, of the 
second, nerve fibers, of the third, a 
part of the brain ; the sensation is al- 
ways the consequence of the mode of 
motion excited in the receptive, and 
sent along the transmissive, to the 
sensificatory part of the sensiferous 
apparatus. And, in all the senses, 
there is no likeness whatever between 
the object of sense, which is matter 
in motion, and the sensation, which is 
an immaterial phenomena. 

On the hypothesis which appears 
to me to be the most convenient, 
sensation is a product of the sensifer- 
ous apparatus caused by certain modes 
of motion which are set up in it by 
impulses from without. The sensif- 
erous apparatuses are, as it were, 
factories, all of which at the one end 
receive raw materials of a similar 
kind — namely, modes of motion — 
wliJle, at the other, each turns out a 



special product, the feeling which 
constitutes the kind of sensation char- , 
acteristic 
Or, to 

pari son, each sensiferous apparatus^ 
parable to a musical-bo.> 



up ; with a 



many ti 



i there 



separate sensations. The object of a 
simple sensation is the agent which 
presses down the slop of one of these I 
tunes, and the more feeble the agenda 
the more delicate must be the mobility* 
of the stop, [ 

But if this be true, if the recipient 
part of Ihe sensiferous apparatus iH, 
in all cases, merely a mechanism af- 
fected by coarser or finer kinds of 
material motion, we might expect to 
find that all sense organs are funda- 
mentally alike, and result from Ihe 
modification of the same morphologt > 
cal elements. And this is exactl^J 
what does result from all recent his" 
tological and embryological 
galions. 

It has been seen that the receptiv 
part of the olfactory apparatus is i 
slightly modified epithelium, which T 
lines an olfactory chamber deeply 
sealed between the orbits in adult ha^ 
man beings. But, if we trace back 
the nasal chambers to their origin in 
the embryo, we find, that, to begin 
with, they are mere depressions of the 
skin of the fore part of the head, 
lined by a continuation of the general 
epidermis. These depressions be- 
come pits, and the pits, by the growth 
of the adjacent parts, gradually ac- 
quire the position which they final" 
occupy. The olfactory oi^n, thei 
fore, is a specially modified part t 
the general integument. 

The hmnan ear would seem to pre^ 
sent greater difficulties. For the es- 
sential part of the sense organ, in this 
case, is tlie membranous labyrinth, a 
bag of complicated form, which liee.J 
buried in the depths of the floof of tbeM 
skull, and is surrounded by dense an^^ 
solid bone. Here, however, recourse 
to the study of development readily 
unravels the mystery. Shortly after 
the time when the olfactory organ 
appears, as a depression of the s 



on the side of the fore pait of the 
head, the auditory organ appears, as a 
r depression on the side of iis 
back part. The depression, rapidly 
deepening, becomes a small poach ; 
and llieii, the communication with the 
exterior becoming shut off, the pouch 
is converted into a closed bag, the epi- 
thelial lining of which is a part of the 
general epidermis segregated from the 
rest. The adjacent tissues, changing 
first into cartilage and then into bone, 
enclose the auditory sac in a strong 
case, !Q which it undergoes ils further 
metamorphoses ; while the drum, the 
ear bones, and the external ear, are 
superadded by no less extraordinary 
modiiications of the adjacent parts. 
Still more marvelous is ihe history of 
the development of the organ of vision. 
In the place of the eye, as in that of 
the nose and that of the ear, the 
young embryo presents a depression 
. of the general integument; but, in 
man and the higher animals, this does 
not give rise to the proper sensory 
organ, but only to part of the acces- 
sory structures concerned in vision. 
In fact, this depression, deepening 
and becoming converted into a shut 
sac, produces only the cornea, the 
aqueous humor, and the crystalline 
lens of the perfect eye. 

The retina is added to this by the 
outgrowth of the wall of a portion of 
the brain into a sort of bag, or sac, 
with a narrow neck, the convex bot- 
tom of which is turned outward, or 
toward the crystalline lens. As the 
development of the eye proceeds, the 
convex botlom of the bag becomes 
pushed in, so that it gradually obliter- 
ates the cavity of the sac, the previ- 
ously convex wall of which becomes 
deeply concave. The sac of the brain 
is now like a double nightcap ready 
for the head, but the place which the 
head would occupy is taken by the 
viirenljs humor, while the layer of 
nightcap next it becomes the retina. 
The ceils of this layer which lie far- 
thest from the vitreous hiimor, or, in 
other words, bound the original cavity 
of the sac, are metamorphosed into 
the rods and cones. Suppose now 



that the sac of the brain could _ 
brought back to its original forii 
iJien the rods and cones would form 
part of the lining of a side pouch of 
the brain. But one of the most won 
derful revelations of embryolog}' is 
the proof of the fact that the brain it- 
self is, at ils first beginning, merely an 
infolding of;the epidermic layer of the 
general integument. Hence it follows 
that the rods and cones of the verte- 
brate eye are modified epidermic cells, 
as much as the crystalline'cones of 
the insect or crustacean eye are ; and 
ihat the inversion of the position of 
the former in relation to light arises 
simply from the roundabout way in 
which the vertebrate retina is de- 
veloped. 

Thus all. the higher sense organs 
start from one foundation, and the 
receptive epithelium of the eye, or o£ 
the ear, is as much modified epidermis 
as is that of the nose. The structural 
unity of the sense organs is tiie mor- 
phological parallel to their identity of 
physiological function, which, as we 
have seen, is to be impressed by cer- 
tain modes of motion ; and they are 
fine or coarse, in proportion lo ihe 
delicacy or the strength of the im- 
pulses by which they are to be af- 
fected. 

In ultimate analysis, then, it appears 
is the equivalent in 
a mode of 
motion of the matter of the sensorium. 
Bui, if inquiry is pushed a stage far- 
ther, and the question is asked. What 
then do we know about matter and 
motion ? there is but one reply possi- 
ble. All that we know about motion 
is that it is a name for certain changes 
in the relations of our visual, tactile, 
and muscular sensations ; and >ill 
that we know about matter is that it 
is ihe hypolheiical substance of phys- 
ical phenomena — the assumption of 
the existence of which is as pure a. 
piece of metaphysical speculalio 

of the substance 



s that of the 
jf mind. 



r pleasures, our 
s of these, mala 
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Up the sum total of ihe elements o£ 
positive, unquesiionable knowledge. 
We call a large section of these sensa- 
tions and tlieir relations matter and 
motion ; tlie rest we term raind and 
thinking; and experience shows that 
there is a certain constant order of 
succession between some o£ the for- 
mer and some of the latter. 

This is all that just metaphysical 
criticism leaves of tlie idols set up by 
the spurious metaphysics of vulgar 
common sense. It is consistent either 
with pure Materialism, or wilh pure 
Idealism, but it is neither. For the 
Idealist, not content with declaring the 
truth that our knowledge is limited 
to facts o£ consciousness, affirms the 
wholly unprovable proposition that 
nothing exists beyond these and the 
substance of mind. And, on the other 
hand, the Materialist, holding by the 
truth that, for anything that appears 
to the contrary, material phenomena 
are the causes of mental phenomena, 
asserts his unprovable dogma, that 
material phenomenn and the sub- 
stance of matter are the sole primary 
existences. 

Strike out the propositions about 
which neither controversialist does 
or can know anything, and there is 
nothing left for tliem to quarrel about. 
Make a desert of the Unknowable, 
and the divini; Astnea of philosophic 
peace, will commence her blessed 
reign.' 



ON CERTAIN ERRORS RESPECTING THl 
STRUCTURE OF THE HEART ATTRIB 
UTED TO ARISIOTLE. 

In all the commentaries upon the 
" Historia Animalium " which 1 have 
met with, Aristotle's express and re- 
peated statement, that the heart of 
man and the largest animals 
only three caviues, is noted 
markable error. Even Cuvier, who 
had a great advantage over 
the commentators in his familiarity 
with ihe subject of Aristotle's descrip- 
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tion, and whose habitual caution and I 
moderation seem to desert him when \ 
the opportunity of panegyrizing 
philosopher presents itself, is betrayed I 
into something like a sneer on this I 
topic. " He gives to that organ only | 
three cavities — an error which at least J 
shows that he had observed its struct- I 
ure." (" Hisloire des Sciences Natur- f 
elies," i. p. 152.) 

To which remark, what follows 
will, I think, justify the reply, that it 
" at least shows " that Cuvier had not 
given ordinary attention, to say nothr 
ing of the careful study which they i 
deserve, to sundry passages in the first J 
and the third books of the "Historia" 1 
which I proceed to lay before thai 
reader. , I 

For convenience of reference thes^-J 
passages are marked A, M, C, etc.* 

Booki. ij.—iA) " The heirt has three ca . 
icies, it lies above the lung on the division ot j 
the windpipe, and has a fatly and thick inea> ■% 
brane where it is united with the great vein I 
and the aorta. It lies upon the aorta, nitll its 
point down the chest, in all animals that faave 
che^t. In all, alike in those that have achest 
nd in those that have none, the foremost 
part of it is the apex. This is often ovCF 
looked through the turning upside dotnt of 
the dissection. The rounded end of the 
heart ia uppermost, the pointed end of it is 
■gely lieshy and thick, and in its cavities 
there are tendons. In other animals which 
have a chest the heart lies in the middle 6i 
the chest ; in men, more to the left side, be- 
tween the nipples, a little inclined to the left 
nipple in the upper part of the chest. The 
heart is not large, and its general furm is not 
elongated but rounded, except that the apex 
is produced into a point. 

(£) "it has, as already stated, three cavi- 
ties, the largest of them is on Ihe right, the 
smallest on the left, the middle-sized one in 
the middle ; they have all, also the two small 
ones, passages (rcrpir/uvac) toward the lung, 
very evidently as respects one of the cav- 
ities. In the region of the union [with 
the great vein and the aorta] the largest cav 
ity is connected with the largest vein {near 
which is the mesentery) ; the middle cavity 
with the aorta. 



■The text I have followed is that given by 
Aubert and Wimmer, " Aristoleles Thier- 
kunde : kritisch berichtigter Text mit deuts- 
chen Uebersetzung ; " but I have tried here 
and there to bring the English version rather 
closer to (be original than Ihe German trans- 
lation, excellent as it is, seems to me ti '~~ 
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(C) " Canals frripoi) from the heart pass to 
the lung and divide in the same fashion as 
the windpipe does, closely accompanying 
those from the windpipe through the whole 
lung. The canals from the heart arc upper- 



first divides 



{U) " No canal is common Jto the branches 
of the windpipe ajid those of the vein) but 
through [hose parts of them which arc in con- 
tact, the air passes in and they [the nitpoi] 
caiTV it to the heart. 

. {£) " One of the canals leads to the right 
cavity, the other to the left. 

[^'( "Of all the viscera, the heart alone 

" contains blood [in itself] . The lung contains 
blood, not in itseif but in the veins, the heart 
in itself; for in each of the cavities there is 
blood ; the thinnest is in the middle cavity. 

Book iii. 3.— (C) "Two veins lie in the 
thorax alongside the spine, on its inner face ; 
the larger more forward, the smaller behind ; 
the larger more to the right, the smaller, 
which some call aorta (on account o£ the ten- 
dinous part of it seen in dead bodies), to the 
left. These take their origin from the heart ; 
they pass entire, preserving the nature of 
veins, through the other viscera tliat they 
reach; while the heart is rather a part of 
them, and more especially of the anterior and 
larger one, which is continued into veins 
above and below, while between these is the 

{//] "All hearts contain cavities, but in 
those of very small animals, the largest [cav- 
ity] is hardly visible, those of middling siiie 
have another, and the biggest all three. 

(/) " The pomt of the heart is directed for- 
ward, as was mentioned at first ; the largest 
cavity ta the right and upper side of it, the 
smallest to the left, and the middle-siied one 
between these ; both of these are much small- 
er than the largest. 

(A') "They are all connected by passages 
(oiPHTtrpTJTni) with the lung, but, on occiiur" 
oE the smallness of the canals, this is obscui 

(Z) "The great vein proceeiJs from the 
lawest cavity which lies upward and to the 
right; next through the hollow middle part it 
becomes vein again, this cavity being a j- — ' 
of the vein in which the blood stagnates. 

(JU) " The aorU [proceeds from] the n 
die [cavih-j, but not m the same way, for .. . 
connected [with the middle cavity] byarauch 
more larrow tube. 

(jV) "The [great] vein eslends through 
the heart, toward the aorta from the hi 

(O ) " The great vein is membranous 
skin, the aorta narrower than it and very 
dinous, and as it extends toward the head 
and the lower parts it becomes narrow 
altogether tendinous. 

(P) " In the first place, a part of the great 
vein extends upward from the heart toward 
the lung and the attachment of the aorta, the 
vein being large and -undivided. It dividi 
into two parts, the one to the lung, the othi 
to the spine and the lowest vertebra of the 




ich extends to the 1^ 
partu for the two ha 
Is alongside each t 
h passage, the larger beside the larger 
and the smaller beside the smaller, so that 
no part [of the lung] can be found from 
which a passage, and a vein are absent. The 
erminations are invisible on account of their 
ninuteiiess, but the whole lung appears fall 
if blood. The canals from the vein lie above 
the tubes given off from the windpipe." 

The key to the whole of ilie forego- 

g description of the heart lies in the 

passages (G) and (L). They prove 

that Aristotle, like Galen, five hundred 

;ars afterward, and like the great 

lajority of ihe old Greek anatomists, 

did not reckon what we call the right 

isiituent of the heart at 

all, but as a hollow jiart, or dilatation, 

of the " great vein." Aristotle is 

ireful to state that his observations 

ere conducted on suffocated ani- 

als ; and if any one will lay open the 

lorax of a dog or a rabbit, which has 

been killed with chloroform, in such 

manner as to avoid wounding any 

portant vessel, he will at once see 

why Aristotle adopted this view. 

For, as the subjoined figure (p. 45) 
shows, the vena cava inferior {6), the 
right auricle (/i.a.) and the vena cava 
superior and innominate vein (fC/.) 
distended with blood seem to form 
one continuous column, lo whicli the 
heart is attached as a sort of append- 
age. This cohrnin is, as Aristotle 
says, vein above (a) and vein below 
(*), the upper and the lower divisions 
being connected by means of the in- 
tervening cavity or chamber {.^.(T.) — 
which is that which we call the right 
auricle. 

But when, from the four cavities of 
the heart recognized by us moderns, 
one is excluded, there remain three — 
which is just what Aristotle says. 
The solution of ihe difficulty is, in 
fact, as absurdly simple as that pre- 
sented by the e^ of Columbus ; and 
any error ihere may be, is not lo be 
put down to Aristotle, but to that in- 
ability lo comprehend that the same 
fact may be accurately described in 
different ways, which is the special 
characteristic of the coramentatorin' 
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mind. That ih2 iliree cavities men- 
tioned by Aristotle are just those 
which remain if the right auricle is 
omitted, is plain enough from what is 
said in {B), (C), {£), (/), and (Z). 
For, in a suffocated animal, the " right 
ca^nCv " which is directly connected 
svith the great vein, and is obviously 
the right ventricle, beingdistended with 
blood, will !ook much larger than the 
middle cavitj', which, since it gives 
rise to the aorta, can only be the left 
ventricle. And this, again, will ap- 



[370] « j 

pear larger than the thin and col- 
lapsed left auricle, which must be Ar- 
istotle's left cavity, inasmuch as this ! 
cavitv is said to be connected by ^^m 
with 'the lung. The reason why Aris- 
totle considered the left auricle to be 
a part of the heart, ivhi!e he merged 
the right auricle in the great vein, is, 
obviously, the small relative size of 
the venous trunks and their sharper 
demarkatioa from ihe auricle. Galen, 
however, perhaps more consistently, 
regarded tire left auricle also as a 




» dog having l>ecn .kiiled by chloroform, etinueh of the right wall of the thorax waa 
removed, without any notable bleeding, to e.tpose the thoracic viscera. A carefully meas' 
ured outline sketch of the parts in situ was then made, and on dissection, twcntv-four 
hours afterward, the necessary anatomical details were added. The woodcut is a 'faith- 
fully reduced copy of the drawii\E thus constructed ; and it represents the relations of tlie 
heart and great vessels aa Arisioltc saw them in a suffocated animal. 

All but the inntr lobe of the ripht lung has been removed ; aa "well as the right half irf 
(he pericardinm and Ihe riyht wallsi of the right auricle and ventricle. It must be re- 
membered that Ihe thin transjiarenl jiericardial membrane appeals nothing like so distioct 



nJi., ArislDlIe's "great vein"; V.I., right 
inferior vena cava; H.-t., Ihe " hollow inii 
cle i ^.i'', the f-rolongaiionof the cavitv 
artery ; fr. one of Ihe tricuspid valves ; / 
Ax, vena aavKos; l'.A., right pulnionary 
riRhl lunfri '<E, HHOphaj-iis ; Ai^, deacf- 
vtni porlfc.and gall-bladder, ^1*, sepa 
— ^ttrtioraci '*- 




minata dii^ vena cava superior ; b, the 
.........^ ^». t of the great vein or the right auri- 

■of the right ventricle .ff.ii towards llie pulmonary 
'f. the pericardium ; /.j?', superior intercostal i-cln; 
artery; Bt, right bronchus; £, inner lobe of the 
JinR aorta ; //, liver, in section, n-ith hepatic vein, 
cd liy the diaphragm, also seen in Bection, from 
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mere part of the "arteria venosa," 
The canal which leads from ihe right 
cavity of the heart to the lung (or, as 
Aristotle puts it (£), from the lung to 
the heart) is, without cloubi, the pul- 
monary artery. But it may be said 
that, in this case, Aristotle contradicts 
himself, inasmuch as in(^Jand(0 
a vessel, which is obviously the pul- 
monary art'ery, is described as a 
branch of the great vein. However, 
this difficulty also disappears, if we 
reflect that, in Aristotle's way of look- 
ing at the matter, the line of demar- 
kation between the great vein and the 
heart coincides with the right auriculo- 
ventricular apeiture; and that, inas- 
much as the conical prolongation of 
the right ventricle which leads to the 
pulmonary artery (/?.v'm the Figure), 
lies close' in front of the auricle, its 
base may very easily (as the figure 
shows) be regarded as a part of the 
general opening of the great vein into 
the right ventricle. In fact, it is clear 
that Aristotle, having failed to notice 
the valves of the heart, did not distin- 
guish the part of the right ventricle 
from which the puhnonary artery 
arises (J?.v') from the proper trunk of 
the artery on the one hand, and from 
the right' auricle (/i.a.) on the other. 
Thus the root, as we may call it, of 
the pulmonary artery and the right au- 
ricle, taken together, are spoken of as 
the "part of the great vein which ex 
tends upward "(/') ; and, as the veua- 
azj'gos {Ae) was one branch of this, so 
the "vein to the lung" was regarded 
as another branch of it. But the lat- 
ter branch, being given off close to 
the connection of the great vein with 
the ventricle, was also counted as one 
o£ the two ^ipo' by which the " heart " 
(that is to say the right ventricle, the 
left ventricle, and the left auricle of 
our nomenclature) communicates with 
the lung. 

The only other difficulty that I ob- 
serve is connected with {K). If Ar- 
istotle intended by this to affirm that 
the middle cavity (the left ventricle), 
like the other two, is directly con- 
nected with Ihe iung by a fow, he 
would be in error. But he has ex- 



cluded ihisintenireiation of his words 
by {E), in which Ihe number and rela- 
tions of the canals, the existence of 
which he admits, are distinctly de- 
fined. I can only imagine ihen, that, 
so far as this passage applies to the 
left ventricle, it merely refers to the 
indirect communication of that cavity 
with the vessels of the limgs, through 
the left auricle. 

On this evidence I submit that there 
is no escape from the conclusion that, 
instead of having committed a gross 
blunder, Aristotle has given a descrip- 
tion of the heart which, so far as it 
goes, is remarkably accurate. He is 
in error only in regard to the differ- 
ences which he imagines to exist be- 
tween large and small hearts {B). 

Cuvier (who has been followed by 
other commentators) ascribes another 
error to Aristotle: — "Aristotle sup- 
posed that the trachea, the windpipe, 
is prolonged to the heart, and seems 
to believe in consequence that the 
air penetrates thither "(I.e. p. ija). 

Upon what foundation Cuvier rested 
the first of these two assertions, I am 
at a loss to divine. As a matter of 
fact, it will appear from the following 
excerpts that Aristotle gives an ac- 
count of the structure of the lungs 
which is almost as good as that of the 
heart, and that it contains nothing 
about any prolongation of the wind- 
pipe to the heart. 

" Within the neck lie what is called the 
osBophagus (so named an account of its 
length and its narrowness) and the windpipe. 
The position of the windpipe in all animals 
that have one, ia in /ront of the resophagus. 
All animals which jiosaess a lung have a 
windpipe. The windpipe is o£ a caitilagi- 
nouB nature and is exsangume but is sur- 
rounded by many little veins. . . . 

" It goes downward toward the middle of 
the lung, and then divides for each of Ihc 
halves of Ihc lung. In all animals that pos- 
sess one, ihe lung is divided into two parts ; 
but, in those which bring forth their young 
alive, the separation is not equally weii 
marked, least of all in man. 

" In oviparous animals, such as birds, and 
in quadrupeds which are oviparous. Ihe one 
half of the lung is widely separated from the 
other; sn that it appears as if they had two 
lungs. And from being single, Ihe windpipe 
becomes (divided into) two, which extend to 
each half of the lung. It is fastened K 
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great vein, and to what is called the anrta. ' 
When the windpipe is blown up, the air' 
passijs into the hollow parts of tbe lung- In i 
these, are cutilaginous tubes (diofucerc) which { 
uiiilG at an angle ; from the tubes passages i 
irp^/tarai traverse the whole of the lungjj 
tbey are continually given oS, the smaller | 
frooi the larger." (Hook 1. iS.) r 

That Aristotle should speak of the 
lung as a single organ divided iiuo 
two halves, and should say that the 
division is least marked in man, is 
puzzling at first; but the statement 
becomes intelligihle, if we reflect npon 
ihe close union of the bronchi, the 
pulmonary vessels and the mediastinal 
■walls of the pleurs, in mammals;* 
and it is quite true that the lungs are 
much more obviously distinct from 
one another in birds. 

Aubert and Wimmer translate the 
last paragraph of the passage just 
cited as follows : — 

" Dicsc haben aber knorpelige Scheide- 
wande, welches unter epitzen Winkein zusam- 
mentreten, und aus ihnen fiihten Ocffiiungen 
diTrch die ganzc Lunge, indem sie sleh in 
bniner kleineren verzwcigcn." 

But I cannot think that by i!«i^"c 
and '"/"//""■", in this passage, Aristotle 
meant either "partitions" or open- 
ings in the ordinary sense of the lat- 
ter word, For, in Book iii. Cap. 3, in 
describing the distribution of the 
"vein which goes to the hmg " (the 
pidmonary artery), he says that it 

"extends alongside each tube {abpiyya) and 
each passage (rji^/in), Ihe larger beside Ihe 
larger, and Ihe smaller beside the smaller; 
BO thai no part (of the lung) can be found 
from which a passage (rp^/iaj and a vein are 
absent." 




Moreover, in Book i. 



, he ■ 



"CanaLf (n-d/io') from the heart pas 
lung and divide in the same fashioi 
windpipe does, closely accompany 
from the windpipe through the whi 

And again in Book i, 17 — 

"It {the Umg) is entirely spongy, and 



lole lung.' 



• In modern works on Veterinary A 
my the lungs arc sometimes described a: 
lobes of a single organ. 



On comparing the last three state- 
ments with the tacls of the case, it is 
plain that by ""/"Jj^r, or tubes, Aris- 
totle means the bronchi and so many 
of their larger divisions as obviously 
contain cartilages; and that by 
iliopiupic HFMT/JO(!Eif he denotes ihc same 
things; and, if this be so, then the 
Tfiti/uira must be thc-smaller bronchial 
canals, in which the cartilages dis- 
appear. 

'i'his view of the siructure of the 
lung lis perfectly correct so far as it 
extends; and, bearing it in mind, we 
shall be in a position to understand 
what Arislolle thought about the pas- 
sage of air from the lungs inlo the 
heart. In every part of the hmg, he 
says, in eltect, there is an air tube 
which is derived from the trachea, 
and other tubes which are derived 
from the ^Cput which connect ihe lung 
with the heart {supri, Cj. Their ap- 
plied walls constitute the thin "synap- 
ses " ("/* cli'afiitv) through which the 
air passes out of the air lubes into the 
"ipoi, or blood vessels, by transudation 
or diifusion ; for theie is no commu- 
nity between the cavities of the air 
tubes and caviries of the canals ; that | 
that is to say, no opening from one , 
into ihe other (sitprh, D). 

On the words "^vufTri^" Aubert ' 
and Wimmer remark (/. c. p. 239), 
" Da A. die Ansichl hat die Lungeo- 
luft wiirdedem Herzen zugefiihrt, so 
posiulirt er stalt vieler kleiner Ver- 
bindungen einen grossen Verbio- 
dungsgang zwischen Lunge und 
Herz." I 

But does Aristotle make this 
assumption? The only evidence so 
far as I know in favor of ihe affirma- 
tive answer 10 this question is the fol- 
lowing passage : — 

"The heart and the windpipe areconnecled | 
by fattyand cartilaginous and fibrous bands; 
where they are connected il is hollow. Blow- 
ing into the windpipe does not show clearly 



Aubert and Wimmer i 




what differeni render 



" AuchdasHcn hSngt mjt der Luftriihre 
durch feltreiche, kniirpelige uiid faaerige 
Bander iusanimen ; ucid da, wo aie iiisam- 
menhangen, list eine Hohlung. Beiin Au^ 
blasen der Lunge nird es bei manchcn 'I'hie- 
ren nicht wabcnehmbar, bci den grosseren 
aber iat es oSeDbar, daas die LulE in das 
Here gelangt." 

The sense here'turns upon ihe sig- 
nification which is to be ascribed to 
mio (V("coi">), But if these words 
refer to the heart, then Aristotle has 
distinctly pointed out the road which 
the air, in his opinion, takes, namely, 
through the "synapses" (D) ; and 
there is no reason that I can discover 
to beheve that he "postulated" any 
otlier and more direct communication. 

With respect to the meaning of 
iaii\6i'ctmv (^it is hoUo'W), Aubert and 
Wimraer observe : — 



" Die3 scheint wohl die fcurze Lungenvent 
zu sein. Schneider bezielit dies auf die 
Vorkammern, alleio dicse wcrden unlen al: 
Hiihlen dea Herzcna bcachrieben." 



I am disposed to think, on thtf ci 
trary, that the words refer simply 
the cavity of the pericardium, Fo 
part of this cavity {sinus trunsvsr^ 
pericardii) lies between the aorta, 
the one hand, and the pulmonary v 
sels with the bifurcation of the 
trachea, on the other hand, and 
much more consjSicuous in some a 
mais than in man. It is strictly c 
rect, therefore, in Aristotle's words, to 
say that where the heart and the wind- 
pipe areconnected "it ishollow." If 
he had meant to speak of one of the 
pulmonary veins, or of any of the 
cavities of the heart, he would h; 
used the terms '^'*f«' or xoiKmi; which he 
always employs for these parts. 

According to Aristotle, then, the 
air taken into the lungs passes, from 
the final ramifications of the bron- 
chial tubes into the corresponding 
branches of the pulmonary blood- 
vessels, not through openings, but by 
transudation, or, as we should nowa- 
davs sav, diffusion, tlirough the thin 



partitions formed by the applied coats 
if the two sets of canals. But ihc 
'pneuma" which thus reached the 
interior of the blood-vessels was not, 
Aristotle's opinion, exacily the 
same thing as the air. h was"°*P 
TTuWc iitas ™i H('(ioor " ^" De Mundo," iv. 
5)---subtilizcd and condensed air ; and 
It is hard to make out whether Aris- 
totle considered it to possess the 
physical properties of an elastic fluid 
or those of a liquid. As he affirms 
that all the cavities of the heart con- 
tain blood (^}, it is clear that he did 
not hold the erroneous view propound- 
n the next generation by Erasis- 
tratiis. On the other hand, the fact 
that he supposes that the spermatic 
arteries do not contain blood but only 
an o;^Qro%i7p&("Hist, Animaliuni," 
iii. I ), shows that his notions respect- 
ing the contents of the arteries were 
vague. Nor does he seem to have 
known that the pulse is characteristic 
only of the arteries ; and as he thought 
that the arteries end in solid fibrous 
bands, he naturally could not have 
entertained the faintest conception of 
the true motion of the blood. But, 
without attempting to read into Aris- 
totle modem conceptions which never 
entered his mind, it is only just to 
observe that his view of what becomes 
of the air taken into the lungs is by 
no means worthy of contempt as a 
gross error. On the contrary, iiere, as 
in the case of his anatomy of the 
heart, what Aristotle asserts is true as 
far as it goes. Something does actu- 
ally pass from the air contained in Ihe 
lungs through the coats of the vessels 
into the blood, and thence to tin; 
heart ; to wit, oxygen. And I think 
that it speaks very well for ancient 
Greek science that the investigator of 
so difficult a physiological problem as 
that of respiration, should have ar- 
rived at a conclusion, the statement 
of which, after the lapse of more than 
two thousand years, can be accepted 
as a thoroughly established scieniific 
truth. 

I trust that the case in favor of re- 
moving the statements about 
heart, from the list of the " 
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Aristolle " is now clear ; and that the 
evidence proves, on the conttarj, ihat 
they jusiify us in forming a very favor- 
able estimate oi the oldest anatomical 
investigations among the Greeks of 
which any sufficient record remains. 

But is Aristotle to be credited with 
the merit of having ascertained so 
much of the truth? This question 
will not appear superfluous to those 
who are acquainted with the extraor- 
dinary history of Aristotle's works, or 
who adopt the conclusion of Aubert 
and Wimmer. that, of the ten books 
of the " Historia Animalium " which 
have come down to us, three are 
largely or entirely spurious, and that 
the others contain many interpola- 
tions by later writers. 

It so happens, however, that, iipart 
from other reasons, there are satisfac- 
tory internal grounds for ascribing the 
account of the heart to a writer of the 
time at which Arisloile lived. 

For, within thirty years of his death, 
the anatomists of the Alexandrian 
school had thoroughly investigated 
the structure and the functions of the 
valves of the heart. During this lime 
the manuscripts of Aristotle were in 
the possession of Theophrastus ; and 
no interpolator of later date would 
have shown that he was ignorant of 
the nature and significance of these 
important structures, by the brief and 
obscure allusion — "in its cavities 
there are tendons " (.,4_). On the other 
band, Polybus, whose account oE thi 
vascular system is quoted in the ''His 
toria Animaiium," was an elder con- 
lemporarj- of Aristolle. Hence, if 
any part of the work faithfully repre- 
sents that which Aristolle taught, we 
may safely conclude that the descrip- 
tion of the heart does so. Having 
granted this much, however, it is an- 
other question, whether Aristotle is 
to be regarded as the first discoverer 
of the facts which he has so well 
stated, or whether he, like other men, 
-was the intellectual child of his time 
and simply carried on a step or two 
the work which had been commenced 
by others. 

On the subject of Aristotle's signifi- 




cance as an original worker in biology 
extraordinarily divergent views have 
been put forward. If we are to adopt 
Cuvier's estimate, Aristotle was sim- 
ply a miracle : — 



:e did r 
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seem to have sprung complete] v forward from 
[he brain of Aristotle, as Minerva, sprung 
fully aimed from the brain of Jupiter. In- 
deed this one man, without predecessors, 
without borrowing aught from the ages that 
went before, as they had produced nothing 
of solid merit, discovered and demonstrated a 
greater number of truths, performed more 
scientific wnrk in a lifetime of 62 years than 
20 centuries have been able to perform since," 
etc. " Aristotle was the first to introduce 
the method at induction, comparison and ob- 
servation, in Older to reach general ideas, and 
the method uf experiment in order to multv 
ply the facts fiom which these general ideas 
may be deduced." ("Hist, des Sciences NaL" 
t. i. p. ijojLii. p. 515.) 

The late Mr. G. H. Lewes, on the 
contrary, tells us " on a superficial ex- 
amination, therefore, he [Aristotle) 
will seem to have given tolerable de- 
scriptions ; especially if approached 
with that disposition to discover mar- 
vels which ur.cor.sciousiy determines 
us in out stady of eminent writers. 
Bui a more unbiased and imparrial 
criticism will disclose that he has 
given no single anatomical description 
of the least value. AH that he knew 
may have been known, and probably 
was known, without dissection. . . . 
I do not assert that he never opened 
an animal; on the contrary it seems 
highlv probable that he had opened 
many. ... He never followed the 
course of a vessel or a ner\'e ; never 
laid bare the origin and insertion of a 
muscle; never discriminated the com- 
ponent parts of organs ; never made 
clear to himself the connection t>f 
organs into systems." — (" Aristotle, a 
Chapter from the History of Science," 
pp. 156-7.) 

In the face of the description of the 
heart and lungs, just quoted, I think 
we may venture to say that no one 
who Iras acquired even an elementary 
practical .tcquainlance with anatomy, 
and knows of his own knowledge that 
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which Aristotle describes, will agret- 
with the opinion expressed by Mt. 
I^ewes ; and those who turn to the ac- 
counts of the structure o£ the rock 
lobster and the common lobster, or to 
that of the Ceplialopods and otiier 
Sloliusks, in the fourth book of the 
"Hisloria Animalium," will probably 
feel inclined to object to it still more 
strongly. 

On ihe other hand, Cuvier's exag- 
gerated panegjTJc will as little bear 
5ielest of coo! discussion. In Greece, 
the century before Aristotle's birth 
was a period of great intellectual ac- 
dvity, in the field of physical science 
no less than elsewhere. The method 
of induction has never been used to 
belter effect than by Hippocrates; 
and the labors of such men as Alk- 
meon, Demokritus, and Poly bus, 
among Aristotle's predecessors ; Dic- 
kies, and Praxagoras, among his con- 
temporaries, laid a solid foundation 
for the scientific study of anatomy 
and development, independently of 
his labors. Aristotle himself informs 
us that the dissection of animals was 
commonly practiced} that the aorta 
had been distinguished from the great 
vein ; and that the connection of both 
with the heart had been observed by 
his predecessors. What they thought 
about the structure of the heart itself 
or that of the lungs, he does not tell 
us, and we have no means of knowing. 
So far from arrogantly suggesting that 
he owed nothing to his predecessors, 
Aristotle is careful to refer to their ob- 
servations, and to explain why, in his 
judgment, they fell into the errors 
which he corrects. 

Aristotle's knowledge, in fact, ap- 
pears to have stood in the same rela- 
tion to lliat of such men as Polybus 
and Dtofienes of Apollonia, as that of 
Herophilns and Erasislratus did tn 
his own, so far as the heart is con- 
cerned. He carried science a step 
beyond the point at which he found 



lous, achievement. What he did, re- 



quired the possession of very good 
powers of observation ; if they had 
been powers of the highest class, 
he could hardly have left such con- 
spicuous objects as the valves of Ihe 
heart to be discovered by his succes- 

And this leads me to make a final 
remark upon a singular feature of the 
" Hisloria Animalium." As a whole, 
it is a most notable production, full of 
accurate information, and of extremely 
acute generalizations of the observa- 
tions accumulated by naturalists up to 
that time. And yet, every here and 
there, one stumbles injon assertions 
respecting matters which lie within 
the scope of the commonest inspec- 

called errors, as stupidities. What 
is to be made of the statement that 
the sutures of women's skulls are dif- 
ferent from those of men ; that men 
and sundry male animals have more 
teeth than their respective females ; 
that the back of the skull is empty; 
and so on ? It is simply incredible 
to me, lliat the Aristotle who wrote 
the account of the heart, also com- 
mitted himself to absurdities which 
can be excused by no theoretical pre- 
possession and which are contradicted 
by the plainest observation. 

What, after all, were the original 
manuscripts of the " Historia Anima- 
lium " ? If they were notes of Aris* 
totle's Iqclures taken by some of his 
students, any lecturer who has chanced 
to look through such notes, would 
find the interspersion of a foundation 
of general and sometimes minute ac- 
curacy, with patches of transcendent 
blundering, perfectly inleiligible. 
Some competent Greek scholar may 
perhaps think it worth while to tell us 
what may be said for or against the 
hypothesis thus hinted. One obvious 
difficulty in the way of adopting it is 
the fact that, in other works, Aristotle 
refers to the "Historia Animalium" 
as if it had already been made pul 
by himself. 
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The Tliree ITijpolhcscs licspcc'iiiri 
iJie Jlislonj of Xatiire. 

Wo livoinandform part of a sys- 
tem of thiii'js of immense diversity 
andperplexityjWliichwecallKatiiri!; 
aad it ia a matter of the deepest in- 
terest to all of us that we eliould form 
jast concept ious of the constitution 
of tbatsystemandof itapastliistory. 
Wi til relation to thisuiiiverso.man is 
incxtoTit, littla more than a mathe- 
matical point; iuduratioii but a fleet- 
ing shadow; he is a mere recd,Ehakcn 
in the winds of force. But, as Pnscal 
long ago remarked, although a mere 
reed, Ee is a tliinking reed; and in 
Tirtiie of that wonderful capacity of 
llioas;ht,he has the power of framing 
for himself a symbolic conception of 



the nnivcrcOjV/hich.althoagh dojibt- 
Jesa highly imperfect and inadequata 
as a picture of the great wholej is yot 
sufficient to servo him as a chart for 
the guidance of his practical aflaira. 
It has taken long ages of toilsoma 
and often frnitlcsa labor to enable 
man to look steadily at the shifting \ 
scenes of thophantasmagoriaof Na- i 
turc, to notice what la fixed among j 
her fluctuations, and what ia regular , 
amongher apparent irregularities; . 
and it is only comparatively lately, 
within the last few centuries, that 
the conception of a nnivereal order 
and of a dcflnito course of things, 
which wo term the conrso of Na- 
ture, has emerged. 

But, oneo originated, ilie concep- 
tion of tho constancy of the order of 
Nature has become the dominant 
idea of modem thought. To persons 
familiar with the facts upon whicli 
that conception is based, and com- 
petent to estimate their significance. 
It has ceased to bo conceivable thai 



chance should have any place iti the 

universe, or that events should dc- 
[n-nd DpoD any but the natunil se- 
ntience of caiiso aiiil effect. We have 
oome to look upuu the present as the 
child of the past and as the pareut 
the future; and, as we have excluded 
cl.ance froni a place in the universe, 
80 we ignore, even as a possibility, 
the notion of any interference with 
the order of nature. Whatever may 
be men's speculative doctrines, it la 
quite uertain that every iulelligent 
person guides hiu life and risits his 
fortune upoul i belief that the order 
of nature is constant, and that the 
chain of natural causation la never 
broken. 

In fact, no belief which wo enter- 
tain has BO complete .1 logical basis ai 
that to wliich I have just referred 
It tacitly underlies every process oi 
reasoning! it is the foundation of 
every act of tlie will. It is based 
npou the broadest induction, and it 
is verified by the most constant, reg- 
ular, and universal of deductive pro- 
cesses. But we must recollect th&t 
any human belief, however broad its 
basis, however defensible it may 
seem, is, after all, on'y a probable 
belief, and that our widest and safest 
generalizations are simply statenieats 
of the highest degree of probability. 
'Fhougli we are quite clear about the 
constancy of the order of N^ature, at 
the preseot time, and in the present 
atate of things, it by no means neces- 
sarily follows that we are justified in 
expanding this generalization into the 
intinite past, and in denying, abso- 
lutely, tiiat ihci-e may have been a 
time when Natm-e did not follow a 
fixed order, when the relations of 
oause and effect were not definite, 
and when extra-natural iigencics in- 
terfered with the genei'al course of 
Nature. Cautious men will allow that 
a universe so different from that which 
we know may have existed; just as a 
rery candid thinker may admit that a 
world in which two and two do not 
make four, and in which two straight 
linefl do enclose a space, may exist. 
But the eame (lautiou which forces 



the admission of such posaibilities de- 
mands a great deal of evidence h^ 
fore it recognizes thorn to be any- 
thing more substantial. And when 
il is asserted that, so many thousand 
years ago, events occr.iTed in a man- 
ner utterly foreign to and iuconsisient 
with the exiatmg laws of Nature, men, 
who without being particularly cau- 
tious, ard simply honest thinkers, lio- 
willina to deceive themselves or de- 
lude others, ask for trustworthy evi- 
dence of the fact. 

Did things so happen or dii they 
not^ This is a historical question, 
and one the answer to wlucb must be 
sought in the same way as the solu- 
tion of any olher historical problem. 

So far as I know, there are only 
three hypotheses which ever have 
been entertained, or which well can 
be entertained, respecting tlie past 
history of Nature. I will, in the first 

flace, state tlie hypotheses, and tlien 
will consider what evidence bearing 
upon them is in our possession, and 
by what light of criticism that evi- 
dence 13 to he interpreted. 

Upon the first hypothesis, the as- 
sumption is, that phenomena of Na- 
ture similar to those exhibited by the 
present world liave always existed; 
other words, that the universe has 
isted from all eternity in wha: may 
he broadly termed ita present cou- 

T he second hypothesis is, that the 
present atate of things has had only 
a limited duration ; and that, at some 
period in the past, a condition of the 
world, essentially similar to that 
hich we now know, came into exisl>- 
ence, without any precedent condi- 
tion from which it would have 
naturally proceeded. The assump- 
ihat successive states of Nature 
! arisen, each without any rela- 
of natural causation to an ante- 
cedent state, is a mere moditicatiOD 
of this second hypothesis. 

The third hypothesis also assumes 
that the present state of things has had 
but n limited durati-n,- but i. ■iup. 
poses th^:; this cJjtchaa beer' i..<ilved 
hy ■■ "fiiuT^i ^-l;ces3 froi^v (H- i^t^aor 
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dent Btate, and that from another, 
and so on ; and, on this hypothesis, 
the attempt to* assign any limit to 
the series of past ohauges is, usually, 
given up. 

it is 60 needful to form clear and 
distinct notions of what is really 
meant by each of these hypotheses 
that I will ask you to unaguie what, 
according to each, would have boen 
visible to a spectator of the events 
which constitute the history of the 
earth. On the first hypothesis, how- 
ever far baok ia time that spectator 
might bo placed, he would see a world 
essentially, though perhaps not in all 
its details, similar to that which now 
exists. The aatmala which existed 
would be the ancestors of those 
which now live, and similar to them ; 
the plants, in like manner, would be 
Bnch as we know; and the mountains, 
plains, and waters would foreshadow 
the salient features of our present 
land and water. This view was held 
more or less distinctly, sometimes 
combined with the notion of recur- 
rent cycles of change, in ancient 
times ; and its iufluenee has been 
felt down to the present day. It is 
worthy of remark that it is a hypo- 
thesis which is not inconsistent with 
the doctrine of TJoiformitarianism, 
with which geologists are familiar. 
The doctrine was held by Hntton, 
and in his earlier days by Lyell. 
Hiitton was struck by the demonstra- 
tion of astronomers that the pertur- 
bations of the planetary bodies, how- 
ever great they may be, yet sooner 
or later right themselves; and that 
the solar system possesses a self-ad- 
jnsting power by which these aberra- 
tions are all bronght back to a mean 
condition. Ilutton imagined that the 
like might be true of terrestrial 
changes ; although no one recognized 
more clearly than he tho fact that the 
dry land is being constantly washed 
down by rain and rivei« and deposit- 
ed in the sea; ttnd that thus, in a 
longer or shorter time, the inequali- 
ties of the earth's surface must be 
levelled, and its high lands brought 
down tc the ocean. But, taking into 



account the internal forces of the 
earth, which, upheaving the sea-bot- 
tom, give rise to newl and, he thought 
that these operations of degradation 
and elevation might compensate each 
other ; and that thus, for any assign- 
able time, the general features of t 
planet might remain what they a 
Ana inasmuch as, underthese circum-'^ 
stances, there need bo no limit ti 
propagation of animals and plants, it 
ia clear that the consistent working- 
out of the uniformitarian idea might 
lead to the conception of the eternity 
of the world. Not that I mean to 
say that either Hutton or Lyell held 
this GOncepticn — assuredly not ; they 
would have been the first to repu- 
diate it. Nevertheless, the logical 
development of their arguments tends 
directly towards this hypothesis. 

The second hypothesis supposes 
that the present order of things, at 
iiome no very remote time, had s 
sudden origin, and that the world, 
such as it now is, had chaos for its 
phenomenal antecedent. That is the 
doctrine which you will find stated 
most fully and clearly in the immor- 
tal poem of John Milton — the Euglisii 
Divina Oommeditt — J'aradine jLost. 
I twiieve it is largely to the infiuenco 
of that remarkable work, combined 
with the daily teachings to which we 
have all listened in our childhood, 
that this hypothesis owes its gener^ 
wide diffusion as one of the current 
beliefs of English-speaking people. 
If you torn to the seventh boolf of 
J'aradise Xosl, you will find Iher^ 
stated the hypothesis to which I re- I 
fer, which is briefly this : Ttiat this i 
visible universe of ours came into 
existence at no great distance of time 
from the present ; and that the parts 
of which it i3 composed made their 
appearance, in a certain definite or- 
the space of six natural days, 
in such a manner that, on the first of j 
these days, light appeared; that, on 
tho second, the firmament, or sky, 
separated the waters above from the | 

waters beneath the firmament; that, 
on the third day, the waters drew 
ay from the dry land, and upon 7% 
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s varied vegetable life, fiimilar to that 
Tliioh now fxiatfl, luaclu its appejir- 
anuc ; that the fuurth day wa» E'ig- 
naiiitecl by tho ap)iarition of the sun, 
the stars, the tnouii, and the pl.niiets ; 
that, on the iifth day, aquatio ani- 
laalu oi'ij^hiated within the waters ; 
that, oil the sixth day, the eai-ih gave 
rise to oiir four- tooted tenea trial 
creatures, and to all varieties of t.r- 
restrial animals except hirds, which 
had appeared on the preceding day ; 
aud, tinaliy, that man appeared upon 
the earth, and the emergence of the 
nniverso from chaos was finished. 
Milton tells us, without the least 
funhiguity, what a spectator of these 
marvelous occurrences would have 
witnessed. I doubt not that his 
poem is familiar to all ot you, but I 
should like to recall one passage to 
your minds, in order that I may 
be }uslitied iu what I have said re- 
garding the perfectly concrete, defi- 
nite picture of the origin of the 
animal world which Miitaa draws- 
He says : — 

" The Eixth, and of creatioa last, arose 
With evening harp9 and matin, when 
God said. 



Cattle and creepiug LJngs, and beast of 

the earth, 
JSach in their kind I* The earth obeyed, 

aud, straiglit 
Opening her tcrLile womb, teemed at a 

birtli 
Innuriicroua living creatures, perfect 

Limbed and fulL-grcwn. Out of the 

grouad uprose, 
Aafrum his lair, the wilu beast, whore 

he WODB 

In forest wild, in thicket, brake or dea ; 
Among the trees in puire thcj rose, they 

The cattle in the fields and meadows 

Those rare and aolitary ; these in flocks 
Pafitiiring at onco, and inbr^idherda up- 



appears 
The fawny lion, pawing to jjct free 
Hia hinder parts— then springs, as broke 

trom bonds, 




And rampant shakes bis bcinaed 

Theiibbard, and the tiRcr, as the mole 
Rising, tb'j crumblvd earth above them 

la hillocks , the switt stag from undcr- 

3oro up hi.j hranciiing head ; scarce from 



fcis 



iriuld 




Eehemotli, biggest bom of eartl-, up- 
heaved 

Sis vastoesB,; fleeted the flocks and 
bleating ruse 

/a pianla; ambiguous between sea acid 

The rtver-iioTse and scaly crocodile, 
At once cnmc lorih whatever creepc the 
ground. 

There is no doubt aa to the moan- 
ing of this statement, uur as to what 
a man of Milton's genius expected 
would have been actually visible to an 
eye-witness of this mode of origina- 
tion of living things. 

The thii-d hypothesis, or the hypo- 
thesis of evolution, supposes that, at 
any comparatively late period of past 
time, otir imaginary epectaior would 
meet with a state of things very simi- 
lar to that which now obtains; but 
that the likeness of the past to the 
present would gi-adually btcome less 
and less, in proportion to tlio remote- 
ness of hia period of observation from 
the present day ; that the cxiijting 
distribution of mountains and plains, 
of rivers and seas, would show itself 
to be the product of a slow process of 
natural change operating upon more 
and more widely differput antecedent 
conditions of thu mineral framework 
of theeaith; until, at length, in place 
of that framework, he would behold 
only a vast nebulous mass, repieseDt- 
iiig the constituents of the sun and of 
the planetary bodies. Preceding the 
forms of iifo which now exist, our ob- 
server would see animals and plants 
not identical with them, hut like 
them; increasing their differeucee 
with their antiquity, and, at the same 
time, becoming simpler and simpler: 
until, finally, the world of life would 
present nothing but that nndifferen- 
liated protoplasmic matter which, w 
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far as our pi-esent knowledge goes, is 
the oommoii foiindntion of all vital 
activity. 

Tbo liypoiheaia of evolution sup- 
poses lUa: in all this \'aat progresBion 
there would bo no broach of continu- 
ity, no point at which we oould aay 
"Tliia 11 natural process," and "This 
i:i not a natural process ;" but that the 
ivliolo might be compared to that 
wonderful process of development 
which uiay be seen goiugon every day 
undor our eyes, in virtue of which 
thero arises, out of the semi-tluid, 
ooiuparatively homogeneous sub- 
KtEtnco which we call an egg, the com- 
plicated organiznliou c.t one of the 
higher animals. That, Jn a few words, 
is what is meant by tho hypothesis of 
evolution. 

I liavc already suggested that in 
dealing with these three hypotiieses, 
in endeavoring to form n judgment 
as to whi^^h of them is the more 
worthy of belief, or whether 
worthy of belief — in which case our 
coitditioii of mind should he thai aua- 
pmisioii of judgnicnt which i.H sodlfli- 
tiult to all but trained intellects — wc 
should be indifferent to all a priori 
oonsi derations. The question is a 
question of historical faet. Tho uni- 
verse has come into exi.^itencc some- 
how or other, and llie jn-oblom is, 
whether it came into exiitence in one 
fashion, or whether it came into exis- 
tence in another; and as an essential 
preliminary to further discussion, per- 
mit me to say two or three words aa 
to the nature and the kinds of hiatori- 
oal evidence. 

The evidence as to tho occurrence 
of any event in past time may be 
ranged under two heads which, for 
convenience'!} sake, I will speak of as 
teElimonial evidence and as circum- 
Btautial evidence. Hy testimonial 
evidence I mean human testimony, 
and by eircumstantial evidence I 
meat) evidence which is not human 
tCBtimoiiy. Let me ilJnstrate by a 
familiar CYamplc what I understand 
" by these two kinds of evidence, and 
what is to be said respecting tlieir 
value. 



Suppose that a man tells y...u than 
Iiu saw a pci'soii Gtriko another nuw 
kill him; that i:^ testimonial evidenos 
of tho fact of murder. But it is )ios-] 
sible to have circumstantial ovidenot 
of the fact of murder; that is to Ray, I 
you may find a man dying with a 
wound upon his head having exactly 
the form and character of tho wound 
which is mado by an axe, and, with 
due care in taking surrounding cir. 
cumstances in'.o account, you may 
conclude with the utmost certainty 
that tho inanhas been murdered; that 
his death is the consequenco of a blow* | 
iullicted by another man with that 
iuplement We arc very much in 
the habit of eoiiKidering circnmslau- 
tial evidence as of ]e:*s v;ihio than tei- 
timonial evidence, and it may bo that, 
where the circumstances arc not ]>er- 
fectly clear and intelligible, it is i 
dangei'otis and unsafe kind of cvt 
dence; but it must not be f orgotteal 
that, in many cases, oirourastantjal * 
is quite as conclusive as teelimonial 
evidence, and that, not unf7'equent1y, 
it is a great <lual weightier than teati- 
liat o\'idence. For example, lake 
case to which I refeiTod just now. 
circumstantial evidencu may 'oe 
better and more convincing than the 
testimonial evidence ; for it may be 
impossible, under tho conditions that 
I have downed, to suppose that the 
man met his death from any other 
cause but the violent blow of an axe, 
wielded by another man. The cir- 
cumstantial evidence in favor of a 
murder having been committed, in 
that case, is as complctQ and as con- 
vincing as evidence can be. It is evi- 
dence which is open to no doubt and 
falsiticution. But the testimo- 
ny of a witness is open to multitudi- 
Ls doubts. He may have been 
itakcn. He may have been actua- 
ted by m.ilice. It has constantly hap- 
pened that even an accurate man has 
declared that a tiling has happened in 
this, that, or the othei- way, ivhen a 
careful analysis of the circuniKLantial 
evidence has shown that it did not 
hap])cn in that way, but in some other 
way. 
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Wu m!iy nfiw consider ihit tviilenec 
in favor of oi ngaiiisl. tlie three hy- 
potheaos. Let mu first direct your 
attention to wliat is to be eaiJ about 
the liypotheais of the eternity of the 
state of things in which we now 
live. What will first etrike you is, 
that it is n. hypothesis which, whether 
true or fit'.ec. ia not capable of vei-i- 
fioatioii by any QTJdencn. I''or, in 
order to obtain either cireiimscantial 
or testiinoninl evidence KufHcient to 
prove the eternity of duration of the 

f resent state of nature, you nrnst 
ave an eternity of witnesses or an 
utiinity of uireumstanoes, and neither 
of tht'se is attainable. It ia uttei-ly 
impossible that such evidence should 
beoarried beyond a certain point of 
time; anil all that could be said, at 
most, would be, that so far ns the 
evidence could be traced, there was 
nothing to contradict the liypotbo- 
sis. But when you look, not to the 
testimonial evidence — which, consid- 
ering the relative insignidcance of 
the antiquity of human records, 
might noE be good for much in thia 
case — but to the circunistauiial evi- 
dence, then you find that tliis hypo- 
thesis is absolutely inoompaliblc with 
such evidence, as we havu ; whicb is 
of BO plain and simple a character 
that it is impossible in any way to 
oecape from the conclusions which 
it forces upon ue. 

You are, doubtless, all aware that 
theouter substanoeGftheeartfa, which 
aionc ia accessible to direct observa- 
tion, is not of a homeogeneoua char- 
acter, but that it ia made up of a 
number of layers or sirata, the titles 
of the piincipal groups of which 
are placed ujion the accompanying 
diagram. Each of these groups reji- 
i-esenta a number of beds of sand, 
of stone, of clay, of slate, and of 
variouf other materials. 

Uu cai'eful examination, itis found 
that the materials of which each of 
these layers of more or less hard 
rock are composed are, for the most 
part, of the same nature as those 
wiiiuh are at present bcin-j foi-meil 
tiuilur known conditions on the sur- 




face of the earth. For example, the 
chalk, which constitutes a great put 
of the Cretaceous formation ii 
parts of the world, is practically- 
identical in its physical and chemi- 
cal characters with a substance 
which is now being formed at the 
bottom of the Atlantic Ocean, and 
covers an enormous area ; other beds 
of rock are comparable with the 
sands which ai'e being formed upon 
aes-shorea, packed together, . and so 
on. ThuB, omitting rocks of igneous 
origin, it is demonstrable that all 
these beds of stone, of which a total 
of not less than seventy thouaand 
feet is known, have been formed by 
natural agencies, either out of the 
waste aud washing of the dry land, 
or else by the accumulation of the 
exuvia)*of plants and animals. Many 
of these strata arc full of such exu- 
viie — the so-called " foaeila." Re- 
mains of thousand of species of 
animals and plants, as perfectly re- 
cognizable as those of existing forms 
of life which you meet with in muse- 
ums, or as the shells which you pick 
np upon the sea-beech, have been im- 
bedded in the ancient sands, or muds, 
or limestonea, just aa they are being 
imbedded now, in sandy, or clayey, 
or calcareous aubaijueuus deposits. 
They furuiab us with a record, the 
general nature of which cannot be 
misinterpreted, of the kinds of things 
that have lived upon the surface of 
the earth during the time that is 
registered by this great thickness of 
stratified racks. But even a snperli- 
cial study of these fossils shows as 
that the animals aud }>lants which 
live at the present time have had only 
a temporary duration ; for the re- 
mains of such modern forms of life 
are met with, for the most part, only 
in tlio uppermost or latent tertiaries, 
au'l their number rapidly diminishes 
in the lower deposits of that ei)ooh- 
Ii) the older teitiaries, the places of 
existing animals and plants are taken 
by other forms, as numerous and 
diversified as those which live now in 
the same localities, but more or less 
different from them ; in the n; 
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rockn, these are replaced by others 
yet more divergent from modem 
types ; nud in the palraozoi'^ forma- 
tions the contrast is still more 
marked. Thus the circumstantial 
evidence absolutely negatives the 
conception of the etemity of the pre- 
sent condition of things. We can 
say with certainty that the present 
condition of things has existed fov a 
comparatively short peiiod ; and 
that. BO far as animal and vegetable 
nature are concerned, it has been pre- 
ceded by a different condition. We 



can pursua this evidence until we 
reach the lowest of the stratified 
rocks, in which we lose the indica- 
tions of life altogether. The hypo- 
thesis of the eternUy of the present 
Btatc of nature may therefore be put 
out of court. 

We now como to what I will term 
Milton's hypothesis — the hypothesis 
that the present condition of things 
has endured for n comparatively 
short time ; and, at the commence. 
ment of that time, came into exist- 
enco within the course of ^ix days. 
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I doubt not tliat it may have excited 
some surprise in your miods that I 
bIiouM have spoken of this as Mil- 
ton's hypothesis, rather than that I 
ahould have chosen the terms which 
are more customary, such as " the 
doMrine of creation," or " the Bibli- 
cal doctrine," or " the doutrine of 
Moses," all of which denominatlona, 
as applied to the hypothesis to which 
I have just referred, are certainly 
much more familar to you than the 
title of the Miltonio hypothesis. But 
I have had what I cannot but think 
are very weighty reasooB for takin<f 
the coui-se which I have purmied. 
In tlie first place, 1 have discavdi-d 
the title of the " dootriue of creation," 
because my pi'esent business is not 
irith the question why the objects 
which con>titute Katuro came into 
exislenci-, but when they came into 
existence, and in what order. This 
ia as strictly a historical question as 
the question when the Angles and the 
Jutes invaded England, and whether 
they preceded or followed the Ro- 
mans- But the question about crea 
tiou is a philosophical problem, and 
one wbioli cannot be solved, or even 
approached, bythe historical method. 
What we want to learn is,whetherthe 
facte, 80 far as they are known, af- 
ford evidence that things arose in the 
way desui'ibed by Milton, or whether 
they do not; and, when that question 
is settled, it will be time enough to 
inquire into the causes of their origi- 
nation. 

In the second place, I have not 
Spoken of this doctrine as the Bibli- 
oal doctrine. It is quite true that 
persons as diverse in their general 
, views as Milton the Protestant and 
the celebrated Jesuit Father Saurez, 
each put upon the first chapter of 
Genesis the interpretation embodied 
in Milton's poem. It la quite true 
ihat this inteipretation is that which 
haa been instilled ioto everyone of us 
in our childhood ; but I do not for 
one moment venture to saj' that it can 
properly be called the Biblical doc- 
trine. It is not my business, and 
dcea not lie within my competency, 



to say wliat the Hebrew test does, 
and what it does not signify; more- 
over, were I to atfirm that this is the 
Biblical doctrine, I should be met by 
the authority of many eminent sohol-- 
ars, to say nothing of men of science, 
who, at various times, have absolute- 
ly denied that any siicb doctrine is 
to be found in Genesis. If we are to 
listen to many expositorx of no mean- 
authority, we must believe that what 
seems so clearly defiaedin Genesis — as 
if very great pains had been taken that 
there should be no possibility of mis- 
take — is not the meaning of the text 
at all The accountls divided into pe- 
riods that we may make just aa lone or 
as Bhoit as convenience requirec. \Ve 
are also to understand that it is con- 
sistent with the original text to be- 
lieve that the must complex pUnta 
.and animals may have been evolved 
by natural prooesses, lasting for mil- 
lions of years, out of structureless 
rudiments. A person who is not a 
Hebrew scholar can only stand aside 
and admire the marvelous flexibility 
of a language which admits of such 
diverse iutei-pretations. But as- 
suredly, in the face of suuli contradic- 
tions of authority upon matters r»- 
specling which he is incompetent to 
form any judgment, he will abstain, 
as I do, from giving any opinion. 

In the tiiird place, I have carefully 
abstained from speaking of this as 
the Mosaic doctrine, because we are 
assured upon the authority of 
the highest critica, and even of dig- 
"■•",1-ies of the Church, that there u 
evidence that Moses wrjte the 
Book of Genesis, or knew anything 
about it. You will understand that 
jive no judgmeut — it would be an 
ipertineuoe upon my part to vol- 
unteer even a suggestion — upon such 
a subject. But, that being the state 
of opinion among the scholars and the 
clergy, it is well for the unlearned in 
Hebrew lore, and for the laity, to 
avoid entangling themselves in such 
a vexed question. Happily, Milton 
leaves ua uoexctisefor doubtingwhat 
he means, and I shall therefore bft 
safe in speaking of the opinion | 



LECTUBES ON EVOLUTION. 



[Cli] S 



question as the Miltniiic hypolht'sis. 

Now we Imve to teat thai hypo- 
thesis. For niy part I have no pi-e- 
jadiee one way or the other. If there 
IB evidence in favor of this view, I 
am burdened by no theoretical dilK- 
cnlties in the way of accepting it; 
but there must be evidenue. Scientitic 
men get an awkward habit — no, I 
won't call it that, for it is a valuable 
habit — of believing nothing unless 
there is evideuee for it ; and they 
have a way of looking upon belief 
Thich is not based upon evidence, 
not only as illogical, bill as immoral. 
"We wiU, if you please, test thia riew 
by the ciroumBtautial evidence alone: 
for, from what I have said, you will 
understand that I do not propose to 
discuss the question of what testi- 
monial evidence is to be adduced in 
favor of it. If those whose business 
it is to judge are not at one as to the 
authenticity of the only evidence of 
that kind which is olfcrcd, nor as to 
tlic facts to which it bears witness, 
the diseussioti of such uvidenee in su- 
perfiuons. 

But 1 may be pennitted to regret 
thia necessity of rejeoiiug the testi- 
monial evidence the lesH, because the 
Gxa rain at ion of the cii-oumstantial 
evidence leads to the oonclusioti, not 
only that it is iucompctcnt to justify 
the hypothesis, but that, so far as it 
goes, it is contrary to the hyi)othesis. 

The con sidi>nit ions upon which I 
base thtB coticlueion are of the sim- 
plest possible character. The Mil- 
tonic hypotheBia contains assertions 
of a very definite character relating 
to the succession of living forms, it 
is stated that plants, for example, 
made their appearance upon the third 
day, and not bcfoi'e. AnJ you will 
understand that what the poet means 
by plants are such plants as now live, 
the ancestors, in the ordinary way of 
propagation of like by like, of the 
trees auil'siirubs which flourish in the 
present tvorid. It must needs be so; 
for, if they were different, either the 
existing plants have been the result 
of a separate origination ciuce that 
described by Milton, of which we 



have no recoi-d, nor any ground for 
supposition that such an occurrence 
has taken place; or else they hav^e 
arisen by a process of evolution from 
the original slocks. 

In the second place, it is clear that 
there was no aniimil life before the 
fifth day, and that, on tiie fifth day, 
aquatic animtl and birds appeared. 
And it is further clear tlial terrestrial 
living things, other th.iu birds, made 
their appearance upon the siulh day, 
and not before. Hence, it follows 
that, if, in the large mass of circum- 
stantial evidence as to what really has 
happened in the past history of the 
globe we find indications of'^lhe ex- 
istence of terrestrial animals, other 
than birds, at a certain period, it ia 
perfectly certain that ail that has 
taken place since that time must be 
referred to the sixth day. 

In the great Carbonuerous forma- 
tion, whence America derives so vast 
a propoitiou of her actual and poten- 
tial wealth, in tlie b^ds of coal which 
have been formed from the vegeta- 
tion of that period, we Sad abun- 
dant evidence of the existence of 
terrestrial animals. They have 
been described, not only by Euro- 
pean but by your own naturalists. 
There are to be found numeroiis 
insects allied to our cockroaches. 
There are to be found spiders and 
scorpions of large size, the latter so 
similar to existing scorpions that it 
requires the practiced eye of the 
naturalist to distinguish them. Inas- 
much as these animals can be proved 
to have been alive in the Carlxmifer- 
oua epoch, it ia perfectly clear that, if 
the Miltonic account is to be accepted, 
the huge mass of rocks extending from 
the middle of the Palwozoie forma- 
tions to the uppermost membere of 
the series, mum belong to the day 
which is termed by Milton as the 
sixth. But, further, it is expressly 
stated that acquatic animals took their 
origin upon the flfth day, and not be- 
fore ; hence, all formations in which 
remains of acquatic animals can be 
proved to exist, and which therefore 
testify that such animals lived at the 
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time when thcso formations wcro in 
oouree of doposition, mnst kave been 
depofiiteH diinng or emca the puriod 
which Milton spcaka of as the lifth 
day. But tliei-c is ab-ohiiely no fosBil- 
iferouB formatioo in which the re- 
mains of aquntic animals arc absent. 
Tho oldest fossils in the Silurian rocks 
are exuvi«) of marine animals ; and if 
the view whioh is entertained by 
Principal Dawson and Dr. Carpenter 
rcspeuting the nature of the Ji'osooii 
bo wulL founded, ai|iiatio animals ex- 
isted nt n period as far antecedent to 
the deposition of the coal as the coal 
ia from us ; inasmuch &s the Mozooji 
is met with in those Laureniian strata 
which lie at the bottom of the si 
of stratified rocka. Hence it folli 
plainly enough, that the whole si 
of Btratitied rooks, if they ai-oto be 
brought into harmony with Milton, 
must be i-eferrcd to the fifth andsiKlh 
Aofvs, and that wo cannot hope to find 
the slightest trace of tho products of 
the earlier days in the geological re 
cord. When we consider thesesimplo 
facts, we sec how absolutely futile are 
tho attempts that have been made to 
draw a parallel between the story told 
by BO much of the crust of the earth 
as is known to us and the story which 
Milton tells. The whole series of 
tossiliferoua stratified rocks must be 
referred to tho last two days; and 
neither the Carboniferous, nor any 
other, formation can afford evidence 
of the work of the third day. 

Not only is there this objection to 
jiny attempt to establish a hamiony 
Dctween the Mi! tonic account and the 
facts recorded in tho fossilcferons 
rocks, but thero ia a further ditKcnlty. 
According to the Miltonic account, 
the order ni which animals should 
have made their appearance in tho 
stratified rocka would be this : Fishes, 



animals except birds. Nothing could 
bo further from tho facts as wo find 
them ; wo know of not tho slightest 
evidence of the axistencc of birds be- 
fore tho Jm-assic, or perhaps the 
Triassic, formation ; while terrestrial 



animal^ as wo havo just seen, i 
in tlio Carboniferous rocks. 

If there were any harmony Ijetween 
the Miltonic account and the oircum- 
Btaniiai evidence, wo onj,'ht to havo 
abundant evidence of tho existence cf 
birdi in the Carbon ifei-o us, iho Devo- 
nian, and the Silurian rock^. I need 
hardly say that this is not iha oase, 
and that not a trace of bii'ds makes 
its appearance until the far later pe- 
riod which 1 have mentioned. 

And again, if ic be true that all 
varieties oftishesaud the great whales, 
and the like, made theii' apjiearanco 
on the fifth day, we ought to find the 
1-emaius of these animals in the older 
rocks— in those which were deposited 
before the Carboniferous epoch. 
Fishes wo do find, in considerable 
number and variety ; but the great 
whales are absent, a'ld the fishes are 
not such as now live. Not one soli- 
tary species of fish uow in existence 
is to be found in tho Devonian or 
Silurian foiTuations. Hence we are 
introduced afresh to the dilemma 
which I have already placed before 
you : either the animals which came 
into existence on the fifth day were 
not such as those which arc found at 
present, are not the direct and imme- 
of those whith now 
hich case cither fresh 
creations of which nothintr i-jsaid; 
or n process of evolution must have 
occurred ; or else the whole story 
must be given up, as not only devoid 
of any ciroumstantial evidence, bal 
contrai-y to such evidence as exists. 
.1 placed before you in a few words, 
nie little time ago, a statement of 
e sum and substance of Milton's 
hypothesis. Let lue now try lohtato 
briefly, the effect of the cirouih- 
sltnlial evidence bearing upon the 
l^a6t history of the eartli which is 
furnished, \vithout lliu possibihty of 
mistake, with no chance of error us 
to its chief features, by the stratl&ed 
■ocks. What wo find is, that tho 
;i'eat series of formation- represents 
a period of lime of wliich onr humwi 
ronologies hardly afford us a unit 
measure. I will not pretend to say 
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how wc ought to estimate this time, 
111 iniiliong or in liillions of years. 
For my purpose, tho determination of 
its absolute duration is wholly ii 
sential. llul that the time WM e 
mous there can be uo qiieRtion. 

It results from the simplest methods 
of interpretation, tJiat leaving out of 
view certain patches of metamor- 
phosed rouks, and certain volcanic 
products, all that is now dry land has 
once been at the bottom of the waters. 
It is perfectly certain that, at a com- 
paratively recent period of the world's 
history— tlie Cretaceous epoch — none 
of the gieat physical features which 
at present mark the surface of the 
globe existed. It is certain that the 
Rocky Mountains were not. It ia 
certain that the Himalaya Mountains 
were not. It is certain thai the Alps 
and the Pyrenees had no existence. 
The evidence is of the plainest pos- 
sible character ; and is simply this : 
We find raised up on the Hanks of 
these niouu tains, elevated by the 
forces of upheaval which have given 
rise to them, masses of Cretaceous 
rock which formed the bottom of the 
sew before tliose mountains existed. 
It is therefore clear that the elevatory 
forces which gave rise to the moan- 
taios operated subsequently to the 
Cretaceous epoch ; and that tho 
mouotaiiis themselves are largely 
made up of the materials deposited 
in the sea which once occupied their 
place. As we go hack in time, we 
meet with constant alternations of 
sea and land, of estuary and opeu 
ocean; aud, in coiTe^poiidence with 
these alterations, we observe the 
changes iu the fauna and flora to 
which I have refeixed. 

But the inspection of iheKO changes 
^ve us no vigl.t to believe ihat there 
has been any discontinuity in natural 
processes. There is no trace of gen- 
eral cataclysms, of uuivereal deluges, 
or sadden destructions of a whole 
fauna or lloi'a. The appearances 
which were formerly interpreted in 
that way liave all been shown to be 
delusive, :i3 our knowledge has in- 
creasfd and as the blanks which 



formerly iippi;iircd to cvist betwe< 
the dili'erent foruiaiiotis iiave bees 
filled up. That there is no absolute 
break between formation and furuia- 
lion, that ilierc has been no sudden 
disappearance of all the forms of- 
life anil replacement of them by: 
others, but that changes have gon* 
on slowly aud gradually, that oiia^ 
type has died out and another hat) 
taken its place, aud that thus, by in- 
sensible degrees, one fauna has been 
replaced by another, are conclusions 
strengtiieued by constantly iaci-easing 
evidence. Ho that within the whole 
of the immense peiiod indicated by 
the fosfiliferous stratified, rocks, there 
is as.-iuredly not the slightest proof of 
any break iu the uniformity of Nature's 
operatioiAi, no indication that events 
have foUosved other than a clear and 
orderly sequence. 

That, I say, is the natural and ob- 
vious teaching of the circumstantial 
evidence containid in tho stratified, 
rocks. I leave yoii to consider ho* 
far, by an ingenuity of interpretation,^ 
by any stretchiug of the meaning of 
language, it can be brought into liar- 
mony with theMiltonic hvpothes' 

There remain a the third by poth 
that of which I have spoken as tno 
hypothesis of evolution ; and I pur- 
pose that in lectures to come, we 
should 'discuss it as cu-efully as we 
have considered the other two hypo- 
theses. I need noteaythat it isquitu 
hopeless to look for testimonial evi- 
dence of ovolution. The very nature 
of the case precludes the possibility 
of such evidence, for the human race 
no more be expected to testify to 
jwi. origin than a child cau be 
tendered as a u itness of its own birth, 
sole inquiry is, what foundation 
circumstantial evidence lends to the 
hypothesis, or whether it lends 
none, or whether it controverts the 
hypothesis. I shall deal with the 
matter entirely as a question of his- 
tory. I shall not indulge in tho dis. 
cuBsiou of any speculative probabili- 
ties. I shall not attempt to show that 
Nature is unintelligible unless we 
adopt some snch hypothesis. For 
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anythiiig I know about tho niat.ti!r, it 
may he Uic way of Nature lo be iin- 
inteiligible ; she is often puwliiig, 
aud Inavo no i-eaaon to euppose itiat 
she ia bound to ih herself to our 
notions. 

I shall platie before you three ki 
of evidence entirely baaed upon what 
ia knowD of the forma of aiiimil ]ifo 
which ftrc contained in the series 
Btratitied rocks. Isball endeavor 
show yon that thei-o is one kind of 
evidence which ia neutral, which 
neither helps evolution nor kinuon- 
Bistent with it. I shall then bring for- 
ward a Eceond kind of evidence which 
indicates a strong probability in favor 
of evolution, but does not prove it ; 
and, lastly, I shall adduce a third kind 
of evidence which, beiug a? complete 
as any evideoco wo can hope to obtain 
upon such nsubject, and being wholly 
and strikingly in favor of evolution, 
may fairly be called demoDStrative 
evidence of its occurrence. 



LECTURE n. 
yft« hypothesis of Ihiolution.— The 
Neutral and the JPavorable Evi- 
dence. 

In tho preceding lecture I pointed 
•lut that there are three hypotheses 
which may bo entertained, aud'which 
have been entertained, respecting the 
pa&t history of life upon the globe. 
According to tho first of these hypo- 
theses, living beings, such as now 
exist, have existed fi-om ail eternity 
Tipon this earth. Wo tested that 
hypothesis by the circumstantial evi- ' 
dence, as I called it, which is fur- 
nished by the fossi! remains con- 
tained in the earth's crust, and wo 
found tliat It was obviously unten- 
able. I then prpceeded to consider 
the second hypothesis, which I termed 
the Miltonic hypothesis, not because 
it is of any iiarticular consequence to 
me whether John Milton seriously 
entertained it or not, but because it 
is stated in a clear and unmistakable 
1 his great poem. I pointed 
u that the evidence at our 



comniand as conipletely an 
negatives that hypothesia a 
tho pi'eceduig one. And I confess 
tiiat I had too inuoh respect for your 
intelligence to think it necessary to 
add that the negation was ctpiaily 
clear and equally valid, whatever, 
the source from which that hypothe- 
sis mi^ht be dwiwjJ, or wli.iteverthj 
authonty by wliich it might be sup- 
ported. I further staled I Jiat, accord- 
ing to the third hypothesis or that of 
evolution, tho existing state of things 
is the last term of a long scries of 
states, which, when traced back, 
would bo found to show no iiilernip- 
tion and no breach in the continuity 
of natural causation. I propose, in 
the present, and the following lec- 
ture, to test this bypothettis rigorously 
by the evidence at command, and to 
inquire how far that evidence can bo 
said to bo indifferent to it, how far it 
can be said to be favorable to it, and, 
finally, how far it can be said to be 
demonstrative. 

From almost tho origin of the dis 
cussiouB about the existing condition 
of the animal and vegetable worlds 
and the causes which have determined 
that condition, an argument hits been 
put forward as an objection to evo- 
lution, which we Bhalt have to con- 
sider very seriously. It is an argn- 
meut which was first cleai'ly stated 
by Cuvier in his criticism of tho 
doctrines propounded by his great 
contemporary, Lamarck. Tbo French 
expedition to Egypt )iad called tha 
aitention of learned men to tho won- 
dei'ful stoi'e of antiquities in that 
country, ml there had been brought 
back to France numerous mummihed 
corpses of the nnimala which the an- 
cient Egyptians revei'ed and pre- 
served, and which, at a re:isonablo 
computation, must have lived not less 
than three or four thous lud years be- 
fore the time at which they woro thus 
brought to light. Cuvier endeavored 
to test tho hypothesis that animals 
have undergone gradual and pra- 
gressive modifications of structure, 
by comparing the skeletons ant* such 
other parts of the inumnaie;! 
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(a n Stting Btate of preservation, with 
the corresponding parts of the lepre- 
sectatives of the same speuies now 
living in Egypt. He arrived at the 
conviction that no appreciable change 
had taken place in these animals in 
the course of this considernble lapse 
of time, and the justice of his con- 
clusion is not disputed. 

It is obvious that, if it can 
proved that animals have endui 
without undergoing any demonstra- 
ble change of straoture, for so long 
period as four thousand years, u 
romi of the hypothesis of evolution 
wbiuZi assumes that animak undergo 
aooastant and necessary progressive 
change can be tenable; unless, i: 
deed, it be further assumed tliat foi 
thousand years is too sliort a time for 
the production of a change sufficient- 
ly great to be detected. 

But it is no less plain that if the 
process of evolution of animals ia not 
independent of surrounding condi- 
tions; if it may be indefinitely hast- 
ened or retarded by variations in 
thase conditions ; or if evolution is 
simply a process of accomodation to 
varying cond'tioHB; the argument 
kgamsl the hypothesis of evolutiou 
based on the unchanged character of 
the Egyptian fauna is worthless. For 
the monuments which are coeva! with 
the mummies testify as strongly to 
the absence of change iu the physical 
^ography and the general condi- 
tions of the land of Egypt, for the 
nme in question, as the mummies do 
to the unvarying cfiaractera of its 
living population. 

The progress of research since 
Cuvier's lime has supplied far more 
Btrikiag examples of the long dura- 
tion of the specific forms of life than 
tliose which are furnished by the 
mummified Ibises and Crocodiles of 
Egypt. A remarkable case ia to be 
found in your own country, in the 
neighborhood of the falls of Ni- 
agara. In the immediate vicinity 
of the whirlpool, and again upon 
Gloat Island, in the superficial de- 
posits which oover the surface of 
the rocky subsoil in those regiousj 



lliere are found remaiua of auimaU 
in perfect preservation, and aiuonj; 
them, shells belonging to exactly the 
same species as those wliich at present 
inhabit the still waters of Lake Erie. 
It ia evident, from the structure of the 
country, that these animal remains 
were deposited Id the beds in whlob 
they occur at a time when the lake ex- 
tended over the region in which thoy 
are found. This involves the ccnr 
elusion that they lived and died be- 
fore the falls had cut their way back 
through the gorge of Niagara; and, 
indeed, it has been determined thal^ 
when these animals lived, the falls of 
Niagara must have been at least six 
miles further down the river than 
they are at present. Many computa- 
sions have been ina<le of the rate at 
which the falls are thus cutting their 
way back. Those computations have 
varied greatly, but I believe I am 
speaking within the bounds of pru.' 
dence, if 1 assume that the fails of 
Niagara have not retreated at *, 
greater pace than about a foot a year, 
yix miles, speaking roughly, are 30,- 
001) feet i 30,000 feet, at a foot a year, 
30,000 yeara ; and thus we are 
fairly justified in concluding that no 
less a penod than this has passed sines 
the shell-tish, whose remains are left 
in the beds to wliich I have referred, 

are living creatures. 

But there is still stronger evidence 
of the long duration of certain types. 
1 have already slated that, as we work 
our way through the great eeries of 
the Tertiary formations, we find 
many snccies of animals identical 
with those which live at the present 
day, diminishing iu numbers, it is 
true, but still existing, in a certain 
proportion, in the oldest of the Ter- 
tiary rocks. Furthermore, when we 
examine tiie rocks of the (Jretaceoua 
epoch, we find the re^nains of somtj 
animals which the closest scrutiny 
cannot i^how to be, iu any important 
respect, dilfeient from those which 
live at the present time, 'itiat is the 
case with one of the cretaceous lamp- 
sheila {Terebratitla), which has con- 
tinued to exist unchanged, or with 
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'iisignificant variations, down to the 
present day. Such is the case 'with 
the fffoii</ertn<B,the skeletons of which 
^gregated together, form a large 
proportion of our English chalk. 
Those GlobigerinvB can be traced 
down to the Globigerirux which lived 
at the surface of the present great 
oceans, and the remains of which, 
falluig to the bottom of the sea, give 
riae to a chalky mnd. Hence it mast 
be admitted that certain existing 
Bpecies of animals show no distinct 
sign of modification, or transforma- 
tion, in the course of a la^ise of time 
as great as that which carries us back 
to the Cretaceous period; and which, 
whatever its absolute measure, is cer- 
tainly vastly greater than thirty 
thousand years. 

There are groups of species so 
closely allied together that it needs 
the eye of a naturalist to dis- 
tinguish them one from another. li 
we disregard the small di£fer- 
ences which separate these forma 
and consider all the species of 
Buch groups as modifications of 
one type, we shall find that, even 
among the higher animals, some types 
have bad a mar\'ellous duration. In 
the chalk, for example, there is found 
a fish belonging to tlie highest and 
most differentiated group of o3seo:is 
fishes, which goes by the name of 
Beryx. The remains of that fish are 
among the most beantiful and well 

S'Bserved of the fossils found in our 
nglish chalk. It can be studied an- 
atomically, so far as the hard parts are 
concerned, almost as well as if itwei-e 
a recent fish. But the genua Seryx 
is represented, at the present dav, by 
very closely allied species, which arc 
living in the Pacitio and Atlantic 
Oceans. We may Btill go farther 
back. I have already referred to the | 
feet that the Carboniferous forma- 
tions, in Europe and in America, con- 
ttun the remains of scorpions in an 
admirable state of preservation, and 
that those scorpions are hardly dis- 
tinguishable from such as now live. 
I do not mean to say that they are not 
different, hut close scrutiny is needed 



in order to distinguish them J 
modem Bcorjjions. 

More than this. At the very bot- 
tom of the Silurian series, in beds 
whicli are by some authorities referred 
to the Cambrian formation, where 
the signs of life begin to fail us — 
even there, among the few and scan- 
ty animal remains which are discover- 
able, we find species of molluscous 
animals which arc so closelv allied to 
existing forms that, at one time, they 
were grouped under the samegeneriu 
name. I refer to the well-known 
Lingula of the lAngula flags, lately, 
in consequence of some slight differ- 
cnces, placed in the new genus lAn- 
ffulella. Practically, itbelougstotho 
great generic group as the J.itt- 
ffida, which is to be found at the 
present day upon your own shores and 
those of many other parts of the 
world. 

The same truth is exerapiiiied if we 
I tuni to certain great periods of the 
I earth's liisiory — as, for example, llie 
Mesozoic epoch. There are groups 
of reptiles, such as the Jc/Uhyoaauriei 
and J-'leaioatturia, which appear 
shortly after the commenoement of 
this epocli, and they occur in vast 
numbers. They disappear with the 
chalk and, throughout the whole of 
the great Mesozoic i-ocks, they pre- 
sent no such modifications as can 
safely bo considered evidence of pro- 
gressive modilication. 

Facts of this kind areundoubtedljf 
fatal to any form of the doctrine of 
evolution which postulates the sup- 
position that there is an intrinsic ne- 
cessity, on the part of animal forms 
which have once come into existence, 
to undergo continual modification; and 
they are aa distinctly opposed to any 
view which involves the belief that such 
modification as may occur, mnst Luke 
place, at the same rate, in all thj dif- 
ferent types of animal or vegetable 
life. The facts, as I have placed them 
liefore you, obviously indirectly con- 
tradict any form of the hypothesis of 
evolution which stands lu need of 
these two postulates. 

liut, one great servics. that hai 




been reudei'ej by Mr. Darwin to Uii 
doctrine of evolution in general i; 
this: he has Hiiowii that tliere are two 
chief factors in the process of evolu- 
tion; one of them is the tendency to 
yary, the o\istonoo of which in alt 
living forms may be proved by ob- 
Bervation ; the ot.her is the influenee 
of surrounding uondicions upon what 
I may call the parent form and the 
variations which are thus evolved 
from it. Tlie cause of the produc- 
tion of variations is a matter not at 
all properly understood at present. 
Whether variation depends upon 
Bome intricate machinery — if I may 
use the phraae— of the living organ- 
ism itself, or whether it arises through 
the inHuence of conditions upon that 
form, is not certain, and the question 
may, for the present, be left open. 
But the important point is that, 
granting the existence of the tendency 
to the production of variations ; then, 
whether the variations which are pro- 
duced shall fliirvive and supplant the 
parent, or wliether the parent form 
shall Burvive and supplant the vari- 
ations, is a matter which depends en- 
tirely on those conditions which give 
rise to l];e struggle for existence. If 
the surrounding conditions are suoh 
that tlie parent form ia more compe- 
tent to deal with them and flourish in 
them than the derived forma, then, 
in the straggle for existence, the 
parent form will maintain itself and 
the derived forms will be extermina- 
ted. But if, on the contrary, the con- 
ditions are such as to be more favoi'- 
able to a derived than to the parent 
form, the parent form will be extir- 
pated and the derived form will take 
Its place. In the first case, there will 
be no progression, no change of struc- 
ture, through any imaginable series of 
ftges ; in the second place, there will 
be modification and change of form. 
Tims the existence of these pereist- 
ent types, as I have termed them, is 
no real obstacle in the way of the 
theory of evolution. Take the case of 
icorpioua to whichi have just refer- 
red. No doubt, since the Carbonifer- 
ous epoch, conditions have always 



obtained, such aa existed when lae 
scorpions of that epoch flourished; 
conditions in which scorpions find 
tliemaelves better ofl", more compe- 
tent to deal with the difiiculties in 
their way, than any variation from 
the scorpion type which they may 
have produced -, and, for that reason, 
the scorpion type has persisted, and 
has not been supplanted by any other 
form. And there ia no reason, in the 
nature of things, why, as long aa this 
world exists, if there be conditions 
more fa^'orable to scorpioua than to 
any variation which may arise from 
theta these forma of life shuldnot per- 
sist. 

Therefore, the stock objection to 
the hpolhesis of evolution, based on 
the long duration of cy'tain animal 
and vegetable types, ia no objection 
at all. The facts of this character — 
and they are numerous— belong to 
that class of evidence which I have 
called indifferent. That is to say, 
they may afford no direct support to 
the doctrine of evolution, but they 
are capable of being interpreted in 
perfect consiotency with it. 

There ia another order of facta be- 
longing to the class of negative or in- 
different evidence. The great group 
of Iiizards, which abound in the pre- 
sent world, extends through the whole 
series of formations as far back as the 
Permian, or latest Palaaozoic, epoch. 
These Permian lisai'ds differ astonish- 
ingly little from the lizards which 
exist at the present day. Comparing 
the amount of the differences between 
them and modem lizards, with the 
prodigious lapae of time between the 
Permian epoch and the present age, 
it may be said that the amount of 
change is insignificant. But, when 
we carry our researches farther baek 
in lime, we find no trace of lizards, 
nor of any true reptile whatever, in 
the whole mass of foi-mations beneath 
the Permian. 

Now, itiaperfeutly clear that if our 
palieontologioal collections are to be 
taken, even approximately, as an 
adequate representation of all the 
forma of animals and plants that hawj 
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ever lived ; and if the record furnished 
by the known §erie8 of beds of etrali- 
fied rooks, covers the whole eeriea of 
events which constitute the history of 
life on the globe, saoh a fact as this 
ilirectly contravenes the hypothesis of 
evolution ; because this hypothesis 
postulates that the existence of every 



a form little different fr 
Here, however, we have to take i 
consideration that impoitant truth bo 
well iusisted upon by Lyell andby Dar 
win — the imperfeoiion of tlie geologi- 
sal i-euord. It can be demonstrated 
that the gcologlcai record must be i 
complete, that it can only prcser 
remains found in certain favorable 
localities and under particular condi- 
tions ! that fit must be destroyed by 
proceasca of denudation, and obliter- 
ated by processes of metamorphosis. 
Beds oi rock of any thickness, 
crammed full of organic remains, may 
yet, either by the percolation of wat«r 
through them, or by the 
subterranean heat, lose all trace of 
these remains, and present the appear- 
ance of beds of rock formed under 
conditions in which living forms were 
absent. Such nietamorpliic rocks 
occur in formations of all ages ; and, 
in various cases, there are very good 
grounds for the belief that they have 
contained organic i-emains, and that 
those remains have been absolutely 
obliterated. 

I insiat upon the defects of the geo- 
logical record the more becauso those 
who have not attended to these mat- 
ters are apt to say, " It is all very 
well, but when you get into a diffi- 
culty with your theory of evolution, 
yousppeal to the incompleteness and 
the imperfection of the geological 
record ; ' and I want to make it per- 
fectly clear to you that this imperfec- 
tion is a great fact, which must be 
taken into account in all our specula- 
tions, or we shall constantly he going 
wrong. 

You see the singular series of foot- 
marks, drawn of its natural size in the 
large diagram hanging up here (Fig. 1 
t), whicli I owe to the kindueaa of footi 



my friend, Professor Marsh, witli 
whom I had the opportunity recently 
of visiting the precise locality in 
Massachusetts In which these' tracks 




occur. I am, therefore, able to glM 
ray own testimony, if needed, 
that the diagram accurately represent* 
what we saw. The valley of the Cou 
necticut is classical gi-ound for the 
geologist. It contains great beds of 
eandstOL'e, covering many square 
miles, which liave evidently formed a 
part of an ancient sea-ehore, .or, it 
may be, lake.shore. For a certain 
period of time after their deposition, 
these beds hava remained sufficiently 
soft to receive the impressions of the 
feet of whatever animals walked 
over them, and to preserve them af- 
terwards, iu exactly the same way as 
such impressions are at this hourprc- 
served on the shores of the Bay o' 
Fuuday and elsewhere. The diagram 
represents the track of some gigantic 
animal, which walked on its hind legs. 
You see the series .of marks mnde al- 
ternately by the right and by the left 
that, from one impression to 



tie other of the three-toed foot oi 
Game side, is one stride, and thiit 
Gtride, as we measured it, 
nix feet nine inches. I leave yi 
therefore, to form an impreasion of 
the magnitude of the creature which, 
as it walked aloog the aucient shore, 
made these impreseions. 

Of such impressiona there are un< 
told thousands upon these Baudstonee. 
Fifty or eisty different tinds have 
been discovered, and they cover vast 
areas. But, up to this present time, 
not a bone, not a fragment, of any 
or.e of the animals which left these 
great footmarlca has been found ; in 
fact, the only animai remains which 
have been met with in all these depos- 
its, from the time of their discovery 
to the present day — though they have 
been carefully hunted over — is a 
fragmentary skeJeton of one of the 
smaller forms. Whathaa become of 
the boi,;a of these animals? You see 
we are not dealing with little crea- 
tures, but with animals that make a 
step of sixfeet nine inuhes; and their 
remaiua must have been left some- 
where. The probability is, that they 
have been dissolved away, an'i abso- 
lutely lost. 

I have had occasion to work out 
the r.ature of fossil remains, of which 
there was nothing left except casts of 
the bones, the solid material of the 
skeleton having been dissolved out by 
pereol a ting water. It was a chance, 
m this case, that the sandstone hap- 
pened to be of such a constitution as 
to set, and to allow the bones to lie 
afterward dissolved out, leaving cavi- 
ties of the exact shape of the bones. 
Had that constitution been other than 
what it was, the bones would have 
been dissolved, the layers of sand- 
stone would have fallen together into 
one mass, and not the slightest indi- 
cation that the animal had existed 
would have been discoverable. 

I know of no more striking evi- 
dence than these facts afford, of the 
caution wliich should be used in 
drawing the conclusion, from the ab- 
sence of organic remains in a deposit, 
that animals or plants did not exist at 



the time it was formed. I believe 
that, with a right understanding of 
the doctrine of evolution on the ono 
hand, and a just estimation of the 
importance of the imperfection of the 
geological record on the other, all 
oifRculty is removed from the kind of 
evidence to whichi have ad verted; and 
that we are justihed in believing that 
all such cases are examples of what I 
have designatednegativeor indifferent 
evidence — that is to say, they in no 
way directly advance the hypothesis 
of evolution, but they are not to be 
regarded as obstacles in the way of 
our beUef in that doctrine. 

Innwpasa on to the consideration of 
those cases which, for reasons ivhioh 
I will point out to you by and by, are 
not to be regarded as demonstrative 
of the truth of evolution, but which 
such as must exist if evolution be 
true, and which therefore are, upon 
the whole, evidence in favor of the 
doctrine. If the doctrine of evolution 
be true, it follows that, however <li- 
e the different groups of animals 
and of plants may be, they roust all, 
at one time or other, have'hecn con- 
nected by gradational forma ; so that, 
from the highest animals, whatever 
they may be, down to the lowest speck 
of protoplasmic matter in which life 
can be manifested, a series of i;rada- 
tions, leading from one end of the se- 
ries to the other, either exists or has 
existed. Undoubtedly that is a ne- 
cessary . postulate of the doctrine of 
evolution. But when we look upon 
living Nature as it is, we find a t»- 
tally different state of things. Wc 
find that animals and plants fall into 
groups, the different members of 
which are pretty closely allied to- 
gether, but which are separated by 
definite, larger or smaller, breaks from 
other groups. In other words, no in- 
termediate forms which bridge over 
these gaps or intervals are, at i^rcsent, 
■ he met with. 

To illustrate what I mean : Let me 
call your attention to those vertebrate 
animals which are most familiar to 
you, such as mammals, birds and rep- 
tiles. At the present day, theii' 
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groups of animals are perfeotiy well 
'iftiiit'il from one another. Wc know 
of uo animal BOwlivmg which, iu any 
sense, is intermediate between the 
mammal and the bird, ov between the 
bird and the reptile ; but, on t,he con- 
trary, there are many very distinct 
anatomical peon liari ties, weUdetiaed 
marks, by which the mammal is 
separated from the bird, and the bird 
from the reptile. The distinctioua 
are obvious and striking if you com- 
pare the definitions of these great 
groups as they now exist 

The same may be said of many of 
the subordinate groups, or orders, 
into which these great olasses are 
divided. At the present time, for 
example, there are uiimerous forms of 
non-rurainant pachyderms, or what we 
may call broadly, tho pig tribe, and 
many varieties of ruminants. These 
latter have their definite charactens- 
tic!>, and the former have their distin- 
guishing peculiarities. But there is 
uotiiiug that fi!b up the gap between 
the ruminants and the pig tribe. The 
two are distinct. Such also is the 
case ill respect of the minor groups of 
the class of reptiles- The existiug 
faana shows us crocodiles, lizards, 
makes, and tortoises ; but no connec- 
ting link between the crocodile and 
lizard, uor between the lizard and the 
snake, nor between the snake and the 
crocodile, nor between any two of 
these groups. They are separated by 
absolute breaks. If, then, it could 
be ehowu that this state of things had 
always existed, the fact wouldbe fatal 
to the doctrine of evolution. If the 
intermediate gradations, which the 
doctrine of evolution requires to have 
existed between these groups, are not 
to be found anywhere in the re- 
cords of the past history of the 
globe, their absence is a strong and 
weiyiity negative argument against 
evolution ; while, on the other hand, 
if such intermediate forms are to 
be found, that is so much to the 
gooi of evolution -, although, for rea- 
sons whidh I will lay before you by 
and by, we must be cautious in our 
estimate of the evidential cogeucy of 
facts of this kind. 




It is a Vfry remarkable circaiB 
stance that, from the commence m eat- 1 
of the Bcnotis study of fossil remains, 
in fact, from the time when Ouvier 
began bis brilliant researches upon 
those found iu the (juarries of Mont- 
martre, palaeontology has ^hown what 
she was going to do in this matter, 
and what kiud of evidence it lay in 
her power to produce. 

I said just now that, in theexi'iling 
Fauna, the eroup of pig-like animals 
and tho gi'oup of luminants are en- 
tirely distiucr ; but one of the first of 
Cuvipr's discoveries was an animal 
which he called the AjioplotUerium, 
and which proved to be, iu a great 
many impoitant respects, intermediate 
in character between the pigs, on the 
one hand, and the ruminants on the 
other. Thus research into the history 
of the past did, to a certain extent, 
tend to till up the breach between the 
group of niminants and the group of 
pigs. Another remarkable animal 
restored by tho great French palasoo- 
tologist, the I'alieoSheriuni, similarly 
tended to connect together animals ta 
all appearance so different as the ihi- 
noceros, the horse, and the tapir. Sub- 
sequent researeh baa brought to light 
multitudes of facts of the same order; 
and, at tho presirnt day, the investi- 
gations of such anatomists as Ruti- 
raeyer and Gaudry have tended to till 
up, more and more, tho gaps in our 
existing series of mammals, and to 
connect groups formerly thought to 
be distinct. 

But I think it may have an especial 
interest if, instead of dealing with 
these examples, which would require 
a great deal of tedious osteologlcal 
detail, I take the case of birds nud 
reptiles; groups which, at the present 
day, are so clearly distinguished from 
one another that there are perhaps no 
classes of animals which, in popular 
apprehension, are more completely 
separated. Existing birds, as you are 
aware, are covered wiih feathers; their 
anterior extremeliea, specially and pe- 
culiarly modilied, are converted into 
wings, by the aid of which most if 
them are able to fly ; they walk up- 
right on two legs ; and these limbs, 
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when they are considered anatomioal- 
ly, present a great number <jf exceed- 
ingly reraarkatle ]ieimliarities, to 
whii;li I may have ocoa-siuii to advert 
incidentally us I {,0 on, and wliicb are 
not met with, even ap pro xi mate ly, in 
any eifistiug forms vi leptiles. Oa 
tliu other hand, exiisting reptiles have 
no feathers. Ttiey may iiave iialced 
BkinB, or he covered wilh horny Bcales, 
or bony plates, or witli both. They 
posaesa no wings; they neither &y by 
ineatia of their fore-Hinb^, nor habitu- 
ally walk upright upon iheir hind- 
limbs; and the bones of their legs 
present no sueli modifications as we 
liod iu birds. It is impossible to im- 
agine any two groups more definitely 
and diatincdy separated, notwith- 
standing certain ohsrauters which 
they possess iu common. 

As we trace the hiaUiry of birda 
back in time, we titid the>r remains, 
sometimes in great abundance, 
throughout the whole extent of the 
tertiary rocks ; hut, so far as our 
present knowiedge goes, the birdj of 
the tei'tiary rooks letalu the same es- 
Bential characters as tlio bii-ds of the 
present day. In other words, the 
tertiary birds come within the defini- 
tion of the class constituted by exists 
ing birds, and are as much sepai'ated 
from reptiles as existing birds are. 

Not very long ago no ramaius of 
birds had beeufound below the ter- 
tiary rocks, and I ain not sure but that 
some persona were prepared to dem- 
onstrate that they could not have ex- 
isted at an earlier pei-io<l. But, in the 
coiii-ae oi the last few yeaw, such re- 
mains have been discovered in Eng- 
land; though, unfortunately, in so im- 
perfect and fi-agmeutary a condition, 
that it is impossible to say whether 
they differed fi-om existing birds in 
»ny essential character or not. In 
your coimOy, the development of 
the cretaceous series of rocks is enor- 
mous; the conditions under which the 
latter cretaceous strata have been de- 
posited are highly favorable to the 
preservation of oi^auio remains; and ' 
the researches, full of labor ar.A r sk, I 
which have been carried on by Pro- 




fessor Marsh in these cietaooona 
rooks of Western America, have re- 
warded him with the discovery of 
forms of birds of which wo had hith- 
erto no conception. Uy his kindnosi^ 
I am enabled to place betorc you a re- 
storation of one of these extraordinary 
b.rds, every part of which can be 
iboroaghly justifiedbytheraoreorless 
complete skeletons, in a [lerfect stats 
of preservation, ivhich he lias discov- 
ered. This Ilefperornia (Fig S), whiijb 
measured between five aiid six feet ia 
length, is astonishingly like our exisU 
ing" divers or grebes in a great many 
respects; so like them, tudeed, that, 
had the skeleton of //esperornia been 
found in a museum without its skull, 
it probably would have been placed 
in the same group of birds as the 
divers au J grebes of the present day,* 
But UesperorjiU differs from all ex- 
isting birds, and so far reseinblea 
reptiles, in one important particular 
— it is provided with teeth. Tho 
long jaws are armed with teeth which 
have curved crowns and thick roots 
(Fig. 4), and are not set iu distinct 
sockets, but are lodged in a groove. 
In possessing true teeth, the Ilesper- 
ornis diffei*s from every existing 
bird, and from every bird yet diacov- ' 

ered in the tertiary formations, tha 
tooth-like serrations of the jaws in 
the Odontopteryx of the Ijondon 
clay, being mere processes of the 
bony substance of the jaws, and not 
teeth in the proper sense of the word. 
In view of the charaeteristics of this 
bird we are therefore obliged to mod- 
ify the deSnitions of the classes of 
birds and reptiles Before the dis- 
covery of N^esperornis,t\ie definition 
of the class Aves based upon our 
knowledge of existing birds, inight 
have been extended to all birds; it 
might have been said that the ab- 
sence of teeth was characteristic of 



The absence of any keel on the 
breast^bone nnd some otber osteolo^iical 
psculinrities, observed by Proteasor 
-Mnrsh, however. HUffgest that HetperoTnit 
ma; be n modification of a less epeciol- 
ised group of birds than that (o which 
these existing aequatic birda belong. 



the claEs of birils ; but the di 
of au animal which, in every part of 
ita skeleton, closely agrees with exist- 
ing birds, and yet pOBsesaes teeth, 
flhowB that there were ancient birds 
which ill i-cspect of posaesaing teeth, 
approached reptiles more iiearlythan 
any pxieting bird does, and, to that 
extent, diminishes the hiafua be- 
tween the two classes. 

The same formation has yielded 
anoiber Bird Ichthyomi« (Fig. 5), 



of the vertebrie of existing and of all 
kuown tertiary birds, but were concave 
at each end. This discovery leads iw 
to make a further inodifioalion in the 
definition of the group of birds, and 
to part with anotlier of the characters 
Iiy which almost all existing birds are 
distinguished from reptiles. 

AjJiirt from the few fragmentary 
romiiin^ from the English greensand, 
to which I liavo refern d, the mesozoia 
rocks, older than those iu which JIe»- 




which also possenes teeth ; but the 
teeth are eituated in distinct sockets, 
while those of JTesperornis are not bo 
lodged. The latter also has auch^ 
very small, almost rmSmentary, 
wings, that it must have been chieny 
aswimmeranda diver, like a Pen- 
gniii ; while Ichtkyornig has strong 
wings, and no doubt possessed corre- 

rndingpowersofilight, Ichthyornia 
) differed iu the fact that its verte- 
bra have not the peculiar charaotere 



perornia and Ichthyomia have bean 

discovered have afforded no certain 
evidence of birds, with the remarkable 
exception of the Solenhofen slates. 
These so-called slates are com posed of 
a iine grained calcareous mud, which 
has hardened into lithographic stone, 
and in which organic remains are al- 
most as well preserved as they 
would be if they bad been im-- 
bedded in so much plaster of 
Paris. They yielded the Archa- 
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', the eiistence of whioh was fortunately wanting, and it is there- 

2 known by the finding of fore uncertain wliether tlie Arc/ue- 

a fosfcil featlier, or rather of the ini- opteryx possessed teeth or not. But 

pression of one. It is wonderful the remainder of the skeleton ia bo 

enough that such a perishable thing well preserved aa to leave no doubt 

ther, and nothing more, should respecting the main features of tha 




Fig. 4. — HEaPEitOKNis Rbgalis {Marsh"). 
G and upper vlewa uf Iialf the lower jaw ; side and end 
Mparato tnolh.) 



^discovered ; yet, for a long time, 
Nothing was known of thia bird ex- 
cept its feather. Biit, by and by a 
, solitary wkeicton was discovered,which 
ia now in the British Museum. The 
ikull of this iolitary specimen is un- 



aiiitual, which are very- singular 
The feet are not only altogether bird- 
like, but have the special uharacters 
of the feet of perching birds, while 
tha body had a clothing of true feath- 
ers, NevertheltiM, in Home other 
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respects, Archmopter'i/x la tinlike ii ] to the bones of the fingera which 1 

bird and iike a i-eplUe. There is aiiii the (nilmof the h;iiid, nrc fused t 

long Iiiil comjiosed of many verte- 1 gether into one mass ; and the whole 
hrffi. The structure of the wing dif- apparatus, except the last joints of 
fers in some very romarkuble respocts \ the tliiuDb, is bouud up in a sheath of 
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(Sdo Bud upper 1 



I. B. — IcimrToiiNis Dtspar (Marsh. ) 
I of half the lower jaw ; and side i 



nd end viewa of 1 



ttom. that which it presents in a true 
bird. In the latter, the end of the 
wing answei-s to the thumb and two 
fingers of my hand; but the meta- 
oarpa! bones, or those which answer 



integument, while the edge of tb»™ 
hand carries the prinuipal (pjill-feath- 
ers. Ill the Arefuxopteryx, the ^npe^ 
arm bone is like ib.it of a birdi 
and the two bones of the forearm 
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r less like thoso of a bird, but 
the fingers are not bound togollicr— 
they are free. What tlieir numlwr 
may have been is uncei'tain ; but oev- 
oral, if not all, of them were termi- 
nated by strong curved claws, not like 
such as are sometimes found iu birds, 
but such as reptiles possess ; so that, 
in the Aix/ueopteryx, we have an 
mal which, to a certain eittetit, occu< 
pies a midway place between a bird 
and a reptile. It is a bird eo far as 
it« foot and sundry other paits of its 
skeleton are concerned; it is essen- 
tially and thoroughly a bird by its 
feathers ; but it is much more pi-opcrly 
a reptile in the fact that the region 
whicH represeote the hand has sepa- 
rate bones, with claws resembling 
those which terminate the fore limb 
of a reptile. Moreover, it liad a 
long reptile like tail with a fringe of 
feathers on each side ; while in all 
true birds hitherto known, the tail is 
relatively short, and the vertebra; 
which constitute its nkeleton aru 
generally peculiarly modified. 

Like the inoplotherlum and the 
J'aleeotheritim, therefore, Arcfi/eop- 
taryx tends to fill up the interval 
between groups which, in the exist- 
ing world, are widely separated, 
and to destroy the value of the 
definitions of zoological groups 
baaed upon our knowledge of esis- 
ting forma. And euch cases as 
these oonsiiuite evidence in favor of 
evolution, in so far as they prove 
that, in former periods of the world's 
history, there were animals which 
ovei-stepped the bounds of existing 
groups, and tended to mei'ge them 
into larger assemblages. They show 
that animal organization ia more flex- 
ible than our knowledge of recent 
forms might have led us to believe ; 
and that many stnictural permuta- 
tiona and combinations, of which the 
present world gives na no indication, 
may nevertheless have existed. 

Bat it by no means follows, because 
the I'alceotherium has much in com- 
mon with the Horse, on the one hand, 
Uid with the Rhinoceros on the other, 
is the intermediate form 




throngh which Rhinoceroses have 
passed to become Horses, or u 
»a ; on the contrary, any such sappo- 
BJtion would certainly be erroneous. 
Nor do 1 think it likely that the 
transition from the reptile to the bird 
has been effected by such a form aa 
Archteopteryx. And it is convenient 
to distinguish these intermediate 
forma between two groups, which 
do not represent the actual passage 
from the one group to the other, fm 
interoal/trt/ types, from those linear 
types which, more or less approxi- 
itely, indicate the nature of the 
steps by which the transition from 
one group to the other was effected. 
I conceive that Guoh linear forms, 
constituting a series of natural gra- 
dations between the reptile and the 
bird, and enabling us to understand 
the manner in which the reptilian 
has been metamorphosed into the bird 
type, are really to be found among a 
group of ancient and extinct teiTes- 
trial reptiles known aa the Omilho- 
acelida. The remains of these ani- 
mals occur througout the seriea of 
; formations, from the Trias 
to the Chalk, and there are indica- 
of their existence even in the 
latter Palieozoic strata. 

Most of these reptilei at present 
known are of great siiie, some having 
attained alength of fortyieet or per- 
haps more. The majority resembled 
lizards and crocodiles in their general 
form, and many of them wei-e, like 
rocodiles, protected by an armor of 
heavy bony plates. But, in othent, 
the hind limbs elongate and the fore 
limbs shorten, until tlieir relative 
proportions approach those which 
are observed in the short-winged, 
flightless, ostrich tribe among birds. 
Tlie skull ia relatively tight, and iu 
some cases the laws, though beariiiff 
e beak-like at their extremi- 
ties and appear to have been envel- 
oped in a Itorny sheath. Iu the part 
of the vertebral column which lies 
between the haunch bones and 
: ailed the sacrum, a number 
ertebriB may unite together into one 
vhole, and iu this respect as in soms 
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details of its Btrooture, the sacrem of 
llioao reptiles approaches that of 
birds. 

Hut il is ill tlic BtruotUTO of the pel- 
vis iintl of the hiiiil limb tliatsome of 
these ancient reptiles ])resont the most 
remarkable approximation to birds, 
and doarlyindicatctho way by which 
the moitt specialized and <!haraoteristic 
features of tho bi <[ may have been 
evolved from the corresponding parts 
in the reptile. 

In Fig. C, the [lelvin atid hind limbs 
of a erocodilc, a three-toed bird, and 



the ground. Hence, in the crocodile, 
the Dody usually liea sqnat between 
tho legs, while, in the bird, it is raiiied 
npon the hind legs, as upon pillars. 

In the crocodile, llie pelvis is ob- 
viously composed of three boaea ou 
each side: tho ilium [II.], the pubiii 
{J'b.), and the ischium lis.). In the 
ndulc bird there appears to be but one 
bone on each side. The examination 
of the pelvic of a chiuk, however, 
shows that each half is made up of 
three bones, which answer to those 
which remain distinct throughout life. 




Fic. 0. — Cmn, OitNi 

(The Icttora hare the same si^ification in ull tlio figueea, H., Ilium; a, anterior 
cn'l ; fi. posterior end; /»., iachium; Ph., pubis; T, tibia; If, fibui^i; At., 
astragalus; Cn., calcuneum ; 1, distal portion of the tarsus; i.,ii., iii.,i7., met* 
utoTBal bones.) 



an oruithoscelidan are represented 
side by side ; and, for facility of com- 
parison, in corresponding positions i 
but it must be recolleuted that, while 
the position of the bird's limb is na- 
tural, that of the crocodile is not so. 
In the bird, the thigh-bone lies close 
to the body, and the metatarsal bones 
of the foot (ii., iii., iv., B'ig. 6) arc, 
ordinarily, raised into a more or less 
Teitical position ; in the crocodile, the 
thigh-bone stands out at nn angle 
from the body, and tiie metatai-sal 
8 (i., ii., ill., iv., Fig. 6) lie flat on 



in the crocodile. There is, therefore, 
a fundamental identity of plan in the 
construction of the pelvis of both bird 
and reptile ; though the differences in 
form, relative size, and direction of 
tlie corresponding bones in the two 
cases are very gi-eat. 

But the most striking conti'ast be- 
tween the two lies in the bones of the 
leg and of that part of the foot termed 
the tarsus, which follows upon the 
log. In the crocodile, the fibula {£!) 
is relatively largo and its lower endii 
complete. Tho tibia (3") has no 
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maikeil crest at its upper end, and its 
lowev end is narrow and not pidley- 
afaaped. There are two rows of sep- 
tirate tarsal boties (As., Ca., tfic.) and 
foar distinct metatarBal bones, with a 
rudiment of a fifth. 

In the bird, the iibiila is small and 
ita lower end diminishes to a point. 
The tibia has a strong crest at its up- 
per end and its iower extremity 
passes into a broad pulley. There seem 
at first to be no tarsal bones; and 
only one bone, divided at the end into 
three heads for the three toes whiuh 
are attached to it, appears in the place 
of tlie inetotamuB. 

Ill a young bird, however, the pul- 
ley shaped apparent end of the tibia 
ia a distinct bone, ^vhich represents 
the bonea marked As,, Ca., in tht 
crocodile ; while the apparently single 
metatarsal bone consists of three 
bones, which early unite with one an- 
other and with an additioual bone, 
which represents the lower row ot 
bones in the tarsus of the crocodile. 

In other words, it can be shown by 
tha study of developenient that the 
bird's pelvis and hind limb are sim 
ply extreme modifications of the same 
fundamental plan as that upon which 
theee parts arc Tnodelled in reptiles. 

On comparing the pelvis and hind 
limb of tbe ornithoscelidan with that 
of the crocodile, on the one side, and 
that of the bird, on the other (Fig 6), 
it is obvious that it represents a mid- 
dle term between tbe two. The pel- 
▼io bones approach the form of those 
of the birds, and the direction of the 
pubis and ischium is nearly ■ that 
which is characteristic of birds; the 
thigh bone, from the direction of its 
head, must have lain close to the 
body; the tibia has a great crest, and, 
immovably fitted on to its lower end, 
there is a pulley- shaped bone, like that 
of the bird, but remaining distinct. 
The lower end of the fibula ia much 
more slender, proportionally, thaw in 
the CTOcod le. The metatarsal hones 
have Biicb a form that they fit together 
immovably, though they do not enter 
into bony union; the third toe 



est. In fact, the omlthoscelidan limb 
is comparable to that of an unhatched 
chick. 

Taking all these facts together, it 
is obvious that the view which was 
entertained by Mantell and the prob- 
ability of which was demonstrated 
by your own distinguished anatomist, 
Leidy, white much additional evi- 
dence in the same direction has been . 
furnished by Professor Cope, that 
some of these animals may have ' 
walked upon their hind legs, as birds 
do, acquii'es great weigiit. In fact, 
there can be no reasonable doubt 
that one of the smaller fomis oi the 
Ornithoscelida, Compsoifnathuf, the 
almost entire skeleton of which has 
been discovered in the Solenhofen 
slates, was a bipedal animal. The 
parts of this skeleton are somewhat 
twisted out of their natural relatjona, 




Fig. 7.— Rustoha' 
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but the accompanying figure gives a 
just view of the general form of 
Gompsoffnathxia and of the proportion 
-e:.., i:„.u.. ^^^hipf,^ in some respects, 
are more completely bird like than 
those of other Omithoacelida. 

We have had to stretch the defini- 
tion of the class of birds so as to in- 
clude birds with teeth and birds with 
fore-limbs and long tails. 



•B in the bird, longest and strong- There is no evidence that Compaofff^ 



It, if it, 
■e I it ill ail 
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fith'is pofii»esse4 feai.herB; li 
dill, it, would ha litird i'Kle< 
whetliiT i t sliould be c:illyd n, 
bird or Hn uviun rupLile. 

An C'o-/'p»offtmthii» walked iipun li 
liijid It'gp, it must liave iiiadij truckij 
lilcdhiii'uof liirdM. And ns t)<u flnic- 
luie m" tlio limba of Bevtvul of iho 
giguutic OrnlthQaceU<ia, eiiuh as 
IguMuloii, leads to the eoiioluaion that 
they alKo may bavo coiistaully, or oo- 
ossioually, nsautucd the eatue attiludc, 
g peciiliat' iutei'est altachee to the fact 
that, ill ihu Woaldeii strata of £ug- 
laud, tiierQ are to be found gigautic 
fooieti^pft, arranged itiorder like thoa 
of lliu JlrofiSozoumi and whicli iher 
cian 1)0 no reasoiiablo doubt were made 
by Bome of the Omithoticeiida, the re- 
mains uf which are found iu the same 
rockis. And, knowing that reptilei 
that valked upon their hind legs and 
Ehared many of the anatomical char- 
acters of btrdd did once exist, it hu- 
coniea a very i'"portant question 
whether the iraukn iti the T ' 
MassachuaettB, to which I refci'red 
BoniL' lime ago, and which formerly 
Rsed to be uii hesitatingly ascribed 
bii'da, may not all liave been made by 
OridlhoHcelidan reptiles ; and wheth- 
er, if we could otjtaia the skeletons 
of the animals which made these 
tracks, we should not find in them 
the actual steps of the evolutional 
process by whioh reptUea gave rise to 
birds. 

The evidential value of the facts I 
have brought forward in this Lecture 
must be neither over nor underesti- 
mated. It IB not historical proof of the 
occurrence of tlie evolntion of bii'ds 
from reptiles, for we have no safe 
ground for asBumiiig that true birds 
had not made their appearance at 
the commencement of the Mesozoio 
epoch. It i», in fact, qtiito posBible 
that ail these more or le^ avi-form 
reptiles cf the Mesozoiccpoch are not 
terms in ibe series of pi-ogresaion 
from birds to reptiles at all, but sim- 
ply the more or less modified deeuend- 
auts of FaliEozoio forms through 
which that transition was actually ef- 
fected. 
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We are not in apoaitiou to say that 
tlio known Omithoscelida are inter- 
mediate in tlio order of their appeav- 
ancG on the earth between reptilea 
and birds. All that can bo said is 
that, if independent evidence of tho 
actual occurrenco of evolution is pro- 
ducible, then these intercalary forau 
remove every difficulty in the way of 
understanding what the actual steps 
of the process, in the case of birda, 
may have been. 

That intercalary forma snouid have 
existed in nncient times is a neoes- 
sary eonseqiienco of tho truth of tho 
hypothesis of evolution; and, heiicc, 
tho evidence I have laid before you 
in proof of the existence of sach 
forms, is, so far as it goes, in favor of 
that hypothesis. 

There is another eeries nf ostinct 
reptiles, which may be said to bo in- 
tercalary between reptiles and birda, 
iuso far as Ihey combine f^ome of tho 
characters of both these groups; and, 
n'iiich, as they possessed the power 
of Might, may seem, at iii-st sight, to 
bo nearer representative^! of tho forma 
by whioh the transition from tlio rep- 
tile to the bird was effected, than the 
OrnUhoaeelid<i. 

These ai-etlie Pterosauria,oTpX£ra- 
daeCyles, the remains of which are 
met with througliout the series of 
Mesozoio rocks, from, the liaa to the 
chalk, and some of which attained a 
great size, their wings having a Fpan 
of eighteen or twenty feet. These 
animals, in the form and proportions 
of the head and neck relatively to 
the body, and in the fart tliat the 
ends of the jaws were often, if not 
always, more or less extensively en- 
she.ithed in horny beaks, remind us 
of birds. Moreover, their bones con- 
tained . ail' cavities, I'endering them 
fpecifioallv lighter, as is the caso in 
most birds. The breast bone was 
large and keeled, aa in mo;t birds and 
in bats, and the shoulder girdle is 
strikingly similar to that of ordinary 
birds. But, it seems to me, that th» 
special reeemblaneo of pterodaclyles 
to birds ends here, unless I may add 
the entire absence of teeth wluoh 
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diaracterizefi tin; great pterodactyl as 
{J'ttraitodoit) discovered by Professor 
Manih. All other known pterodac- 
tyles LavG teeth lodged in souketa. In 
Me vertebral column ftud the hitid 
limbs there are no sjiecial resem- 
blanoes to bird^ and i..le:i we turn 
to the wings tliey are found to be 
i:iiii-itrueted on a totally different 
principle from those of birds. 

There are four iiiigei-s. These four 
fingers are large, and three of them, 



'porlinij a wub which extended be- 
wecii it and the h-j^f. An exifltin^ 
Rpeoimen proves that such was really 
the GRse, and that the plerodaetyleo 
were devoid of feathera, but that the 
tingerg snppoited avast web like that 
of a bat's wing; ia fiut, there can ba 
no d );ibt that this ancient reptile Qaw 
after the fashion of a bat. 

Thus tliough the pterodactyte ia a 
reptile which has l)ecome modified In 
suuh a manner as to enable it to fly, 




Pio. 8. — Ptehodacttltjs 
those vhich answer to the thumb and 
aiid two following tingers of my 
band — etc terminated by claws, 
vhilo the fourth is enormously pro 
longed and converted into a great 
joint style. You see at once, from 
what I have stated about a bird's 
wing, that there could bo nothing 
iess'^lilce a bird's wing than this is. 
It was concluded by general reasoning 
that this finger had the otllce of aup- 



Spectabii.13 [Von Meyer). 
and therefore, as niiglit be expected, 
presents some points of resemblance 
to other animals which lly ; it has, 
so to speak, gone off the line which 
leads directly from reptiles to birds, 
and has become disqualified for the 
changes which lead to the charaeteriS' 
tic organization of the latter class. 
Therefore, viewed in relation to the 
classes of reptiles and birds, the ptero- 
dautylea appear to me to be. in i 
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limited sense, intercalary rorms; but 
they are not even approximately 
liuear, iu the sense of exemplifying 
these moditicaliooa of strneture 
thronffh which the pfwsatre from the 
reptile to the bird took place. 

LECTtTRE IIL 
77»e Jternonstratii'e Evideiice of Evo- 
lution. 

The occurrence of hiatorica! facts 
is i^aid to be demonstrated, when the i 
evidence that they happened is of 
such a character as to render the as- 
Btimption that tliey did not happen in 
the highest degree itiiprobahfe ; and 
tlie qaeelion I now have to deal with 
ia, whether evidence in favor of the 
evolution of animals of this degree of 
cogency is, or is not, obtainable from 
the record of the succession of living 
forms which is presented to us by 
fossil i-emains. 

Those who have attended to the 
progress of paleontology are aware 
that evidence of the character which 
I have defined has been produced in 
oouEiderable and continually- increas- 
ing quantity during the last few years. 
Indeed, the amount and the satisfac- 
torynature of that evidence are boidb- 
what surprising, when we consider 
the conditions under which alone we 
can hope to obtain it. 

it is obviously useless to seek for 
Buch evidence, except in localities in 
which the physicat conditions have 
been Buoh as to permit of the deposit 
<tf an nnhroken, or but rarely inter- 
rupted, series of strata through a long 
period of time ; iu which the group of 
animals to be investigated has existed 
in such abundance as to furnish the 
requisite supply of remains ; and in 
which, finally, the materialacomposing 
the strata arc such as to ensure tiie 
(iroservation of these remains in a tol- 
erably perfect and undisturbed state. 

It so happens that the case which, 
at present, most nearly fulfils all these 
conditions is that of the series of ex- 
tinct animals ivhicii culminates in the 
Horses; by wh-ch term I meai 



denote not merely the domesUa ani- 
mals with which we are all bo well 
acquainted, but their allies, the ass, 
Eebra, quagga, and the like. In short, 
I use " horses " as the equivalent of 
the technical name £'juidce, which is 
applied to the whole group of existing 
equine aniraalx. 

The horse is in many ways a re- 
arkable animal ; not least so in the 
fact that it presents ub with an ex- 
ample of one of the most perfect 
pieces of machinery in the living 
world. In truth, among the works of 
human ingenuity it cannot be said 
that there is any locomotive so per- 
fectly adapted to its purposes, doing 
BO much work with so small a quan- 
tity of fuel, as this machiue of nature's 
manufacture — the horse. And, as a 
necessary consequence of any sort of 
perfection, of mechanical perfection 
as of others, you find that the horse is 
a beautiful creature, one of the most 
beautiful of all land-animals. Look 
at the perfect balance of his form, and 
the rhythm and force of its action. 
The locomotive machinery ia, as you 
are aware, resident in its slender fore 
and hind limbs ; they are flexible and 
elastic levers, capable of being moved 
by very powerful muscles; and, i& 
order to supply the engines which 
work these levers with the force which 
they expend, the horse is provided 
with a very perfect apparatus for 
grinding its food and extracting 
therefrom the requisite fuel. 

Without attempting to take you 
very far into the region of osteolog- 
ical detail, I must nevertheless trouble 
you with some statements respecting 
the anatomical structure of the horsei 
and, more especially, will it be need- 
ful to obtain a general conception of 
the structure of its fore and hind 
limbs, and of its teeth. But I shall 
only touch upon thoae points which 
are absolutely essential to our in- 
Let us turn iu the first place to the 
fore-limb. In most quadrupeds, as In 
ourselves, the fore-ai-m contains dis- 
tinct bones called the radius and the 
ulna. Tiie coiTesponding region ia 
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the horse Beem at first to possess but 
one lione. Careful observation, how- 
ever, enables us to distinguish in this 
bone a part which dearly answers to 
the upper end of the ulna. Thi 
closely- united with the uhief mass of 
the bone which rppresents the radius, 
and runs out into aelender shaft which 
may bo traced for some distance 
downwards upon tho back c 
dm", and then in most cases thins out 
and vanishes. It tnkea still 
Iroablo to make sure of what is 
thelcss tho fact, that a small part of 
the lower end of the bone of a horse' 
fore-arm, which is only distinct in a 
very young foal, is really liio lowi 
ertreniity of the ulna. 

What in commonly called the knee 
of a horse is it3 wrist. The "cannon 
bone" answers to the middle bone of 
the five metacarpal bones, which aiip- 
portlhepalmof thehandin ourselves. 
The "pastern," "coronary," and "cof- 
fin" bones of veterinarians answer to 
'the joints of our middle fingers, while 
tho hoof is simply a frreatly enlarged 
and thickened nail. But if whatlies 
beloir the horse's "knee" thus corre- 
Bponds to the middle finger in our- 
Belves, what has become of the four 
other fingera or digits'? We find in 
the places of the second and fourth 
digits only two slender splint like 
bones, about two-thirds as long aiithe 
uaniion hone, which gradually taper 
to their lower ends and bear no finger 

ioiute, or, as they ai-e termed, pha- 
auges Sometimes, small bony or 
gristly nodules arc to be found at tho 
bases of thesotwo metacarpal splints, 
and it ia probable that these represent 
rudiments of tho first and fifth toes. 
Thus, tho partof the horse's skeleton 
which corresponds with that of the 
hnman hand, contains ono ovcrgi'own 
middle digit, aud nt least two imper- 
fect lateral digits; and these answer, 
reBpeclively, to tho third, the second, 
{Uid the fouith fingers in man. 

Corresponding modifications are 
found in the hind limb. In ouraelves, 
ind in most quadrupeds, the leg con- 
tuna two distinct bones, a large bone, 
tho tibia, and a smaller and more 



slender bone, the fibula. Unt, in the 
horse, the fibula seems, at first, to bo 
reduced to its upper end; a short 
slender bone united with the tibia, 
aud ending in a point below, occupy- 
ing its place. Examination of the 
lower end of a young foal's shin- 
bone, however, shows a distinct por- 
tion of osseous matter which ia the 
lower end of tho fibula; so that the, 
apparently single, lower end of the 
shin-bone is really made up of the 
coalesced ends of the tibia and fibula, 
just as the, apparently single, lower 
end of thofore-ami bone is composed 
of the coalesced radius and ulna. 

The heel of the horse ia the part 
commonly known as the liock The 
hinder cannon bono answers to the 
middle metatarsal bone of the human 
foot, the pastem, coronary, and coffin 
bones, to the middle toe bones ; ihe 
hind hoof to the nail ; as in the fore' 
foot. And, as in the fore-foot, there 
are merely two Bj)lint3 to represent 
tlie second and the fourth toes. 
Sometimes a rudiment of a fifth toe 
appears to be traceable. 

The teeth of a horse are not lesa 
peculiar than its limbs. The living 
gine, like all others, must be well 
stoked if it is to do its work ; and the 
horse, if it is to make good its wear 
and tear, and to exert the enormous 
amount of force required for its pro- 
pulsion, must be well and rapidly fed. 
To this end, good cutting instruments 
and powerful and lasting crushers ai-e 
needful. Accordingly, the twelve 
cutting teeth of a horse are close-sLt 
and concentrated in the foi'e part of 
its mouth, like so many adzes or 
chisels. The gi'indei's or molars are 
and have an extremely com- 
plicated structure, being composed of 
a number of different eubstaucea of 
unequal hardness. The consequence 
of this is that they wear away at dif- 
ferent rates ; and, hence, the surface 
of each grindlcr is always as uneven 
as that of a good millstone. 

I have said that the Btructuro of 
the grinding teeth is very complicated, 
the harder and the softer parts being, 
c, interlaced with one another. 
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The result of this is that, as the tooth 
wears, the crown pi-est'THs n peculiar 
pattern, the nature of which ia not 
very easily deciphei-eil at first, but 
which it is important that w£ ' 
linderetnnd clearly. Each grinding 
tooth of the upper jaw has an outer 
vmil BO shaped that, on the wc 
jFOwn. it exhibila the form off 
orescenlfi, one in front and one behind, 
with their concave sides tnrned out- 
wards. From the inner sides of the 
front crescent, a oresoentio front 
Tidge passte inwards and backwards, 
and its inner face enlarges into a 
strong longitudinal fold or pillar. 
From tlie fi-ont part of the hinder 
orescent, a back ridge takes a like 
direction, and also has xl^pHlar. 

The iloep interapaccs or valleys \i%- 
tween thesie ridges and the ont^rwall 
are tilled by bony subatancc, which is 
called cem&nt, and coats the whole 
tooth. 

The pattern of the worn face of 
each grinding tooth of the lower jaw 
is quite different. It appears to be 
formed of twoci-escent-shaped ridges, 
the convexities of which are tmiied 
ODtwaixls. The free extremity of 
each cres^nt lias a pillar, and there 
is alarge doiMepillar where thetwo 
oreacentB meet. The whole structure, 
is, as it were, imbedded in cement, 
which fills up the valleys, as in the up- 
per grinders. 

If the grinding faces of an upper 
ftnd of a lower molar of the same side 
are applied together, it will be seen 
that the apposed ridges are nowhei-e 
parallel, but that they frequently 
cross ; and that thus, in the act of 
mastication, a hard surface in the one 
is constantly applied to a soft sarfaue 
in the other, and viez versa. They 
tli-us conmitute a grinding app:iratu3 
of great etficiency, and one which is 
repaired as fast as it wears, owing to 
the long continued growth of the 
teeth. 

Some other peculiarities of the den- 
tition of the horse mast be noticed, as 
they bear npon what I shall have to 
Bay by and by. Thus the crowns of 
the outiing teeth have a peculiar deep 



pit, which gives rise to the well- 
known "mark" of the iiorse. Thera 
is a large space between the oater in- 
cisors and the front grindur. In thia 
space the adult male Viorse presents, 
near the incisors one on each side,abavB 
and below, a canine or "lush," which 
is commonly absent in mares. In a 
yoiuig home, moreover, there ia uot 
unfreqiienlly to be seen, in front of 
the tii-st gi'inder, a very small tooth, 
which soon falls out. If this small 
tooth bo counted as one, it will b« 
f >nnd that there are seven teeth be- 
hind the canine on each side; namely, 
the small tooth in question, and the 
six great grinders, among which, by 
an unusual peculiaiity, the foremost 
tooth is rather larger than those which 
follow it. 

I have now enumerated those char- 
actei-islio structures of the horse, 
which are of most importance for the 
purpose we have in view. 

To any one who is acquainted with 
the morphology of vertebrated ani- 
mals, they show that the horse devi- 
ates widely from the general strncture 
of mammals ; and that the horse type 
is, in manyrespects, an extreme modi- 
ticatioo of the genei'al mammaliaa 
plan. The least moditied mammals, 
in fact, have the radius and ulna, the 
tibia and hbula, distinct and separate. 
They have five distinct and complete 
digits on each foot, and no one of 
these digits is very much larger than 
the rest. Moreover, in the least modi- 
fied mammals, the total number of the 
teeth ia very generally forty-four, 
while in horses, the usual number is 
forty, and in the absence of the ca- 
cs, it may be reduced to ihirty- 
; the incisor teeth are devoid of the 
fold seen in those of the horse ; the 
grinders regularly diminish ia sise 
"roin the middle of the series to its 
ront end ; while their crowns are 
hort, early attain their full length, 
md exhibit simple ridges or tubei-cle% 
in place of the complex foldings of 
the horse's grinders. 

Hence the general principles of the 
hypothesis of evolution lead to the 
concluBiOQ that the horse must have 



red fi-oni some qiiadnipcd 
which. poBseasud iive complete digits 
on eauh foot; which had the bones of 
the fore-ai'tn and of the leg complete 
snd Heprii'Uitc ; aixl which {lossessed 
foH.y-four tefth, among which the 
crowfii of the inuiaoi-a and grinders 
had a Biinplu structure ; while the lat- 
ter gradually increased in size from 
before hiickwards at any rate iti the 
antorior i.ai't of the Beries, and had 
short crowns. 

.nd if tho horse lias been thus 
evolved, and the reiiiMnB of the differ- 
ent stages of its cvuliition have been 
pruBcrved, Ihey ought to present us 
wilhaBerii'8 of forms in which the 
nambei'of the digits becomes reduced; 
tho bonea of the fcre-arm and leg 
gradually take on the equine con- 
dition ; and the form and aiTange- 
nicnt of the teeth successively approx- 
imate to tiiOHO which obtain in exisliug 
horses. 

Let us turn to the facts, and eee 
liow far they fulfil these requirements 
of tha doctrine of evolution. 

In Kiirope abundant remains; of 
horses arc found in the Quaternary 
and later Tertiary strata as far as the 
Pliocene formation. But these liorses, 
which are no common in the cave- 
deposits and in the gravels of Eu- 
rope, are in all essential respects Hke 
existing horses. And that is true of 
all the hoi-ses of the latter part of the 
Pliocene epoch. But, in deposits 
which belong to the earlier Pli- 
ocene and later Miocene epochs, and 
which occur in Britain, in France, 
in Germany, in Greece, in India, we 
{iudanimals which are extremely like 
horses — which, in fact, are bo similar 
to horses, that you may follow do- 
t^iriplions given in works upon the 
iiiiatoniy of the horse upon the skele- 
tons of these animals — but which 
differ in some important particulara. 
For esauijile, the structure of tlieir 
fore and hind Hmbs is somewhat 
differeut. The bones which, ia the 
horse, arc reprcaented by two splints, 
imperfect Iielow, are as long as the 
metacarpaL and metatarsal bones ; 
and, attach>.-d to the eitremity of 



each, is a digit with three joints of 
the same general character as those 
of the middle digit, only very mil*'" 
smaller. These small digiti, are 
disposed that they could have h 
but very little fuTiotional importance, 
and ihey must have been rather of 
the naUire of the dew-claws, such as 
are to be found in matiy ruminant 
animals. The IHjiparion, as the ex- 
tinct European, three-toed horse is 
called, in fact, presents a foot sicnils" 
to that of the American I'rotoM.pput 
(Fig. 9), except that, in the Hippos 
ricm, the smaller digits are situat 
farther back, and are of si 
(lortiona! size, than in the I'rol 
hippna. 

'i'lie ulna is slightly more distini 
than in the horse ; and the wholi 
length of it, as a very slender Bhafti 
intimately united with the radius, ia 
completely traceable. Tho fibula ap- 
pears to be in the same condition as 
in the horse. The teeth of the Hip' 
parion are essentially similar to thoM ' 
of the horse, bub the pattern of thi 
grinders is in some respects a littl«t 
more complex, and there is a depn 
sion on the face of the skull in 
of the orbit, which ia not seen 
isting horses. 

In the earlier Miocene, and perhaptf. 
the later Eocene deposits 
parts of Europe, another extinoC; 
animal has been discovered, which 
Cuvier, who first described son 
fragments of it, considered to be 
I'almotherium. But as further dis- 
coveriea threw no light upon its struo- 
T7a8 recognized as a distinct' 
genua, under the name of Anahi- 
therium. 

general characters, the skeleJ 
ton of Anchitherivjn ia very simiUi^ 
to that of the horse. In fact, Lart(# 
and De Blainville called it I^liB- 
other i um equinum or hippoides y and 
De Christol, in 1847, said that H' 
differed from Mlpparion in httls 
more than the characters of its teeth, 
and gave it the name of Hipparithe- 
rinm. Each foot possesses three 
complete toes ; while the lateral toes 
much larger i;i proportion to tha 
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middle toe than in ITippariort, 
doubtless rested on the ground in 
dinary loooinotiou. 

The ulua is complete and quite dis- 
tinct from the radius, though firmly 
united with the latter. The fibula 
seems also to have been complete. 
Its lower end, though intimately 
united with that of the tibia, is 
clearly marked oS from the Utter 
bone. 

There are forty-four teeth. The 
iDcisora have no strong pit. The 
oanines seem to have been well di 
veloped in both sejres. The firat of 
the seven grinders, which, as I have 
said, ia frequently absent, and, when 
it does exist, is small in the horse, is 
a good sized and permanent tooth, 
while the grinder which follows it is 
but little larger than the hinder ones. 
The crowns of the grinders are short, 
and though the fundamental pattern 
of the hoi'se-tooth is discernible, the 
front and back ridges are less curved, 
the accessory ]>i!lars are wanting, and 
the valleys, much shallower, are not 
filled up with cement. 

Seven years ago, when I happened 
to bQ looking critically into the bear- 
ing of palffiontological facts upon the 
doctrine of evolution, it appeared to 
me that the Anchitheriam, the Jlip- 
parion, and the modern horses, con- 
stitute a series in which the modifica- 
tions of structure coincide with the 
order of chronological occurrence, in 
the manner in which they must coin- 
cide, if the modern horses really arc 
the resatt of the gradual metamor- 
phosis, in the com-se of the Tertiaiy 
epoch, of a less specialized ancestral 
form. And I found by correspond- 
ence with the late eminent French 
anat«mi-t and pala^onlo legist, M. 
Lattet, that he had arrived at the 
same conclusion from the same data. 
That the Anchitherium type had 
become metamorphosed into the 
Sipparion type, and the latter into 
the Mquine type, in the course of that 
period of time which is represented 
by the latter half of the Tertiary de- 
posits, seemed to me to be the only 
flxplanatiou of the facts for which 



there was even a shadow of probabil- 
ity.* 

And, hence, 1 have ever since held 
that these facts afford evidence of 
the occurrence of evolution, which, in 
the sense already defined, may be 
termed demonstrative. 

All who have occupied IhemBclves 
with the structure of Anchitherium. 
from Cuvier onwards, have acknow- 
ledged its many points of likeness to 
a well-known genus of extinct Eocene 
mammals, I'cdaiotherium. Indeed, 
as we have seen, Cuvier regarded bia 
remains of Anchitherium as those of 
a species of J'alcBotherium. Henoe. 
ill attempting to trace the pedigree of 
Che hoi-se beyond the IVIiocene epoch 
and the Anchitheroid form, I natur- 
ally sought among the various species 
of Falffiotheroid aniinab for its near- 
est ally,and I was led to conclude that 
the J^iil(Eotheriutii minus {J'lar/io- 
lophus) represented the next Bte" 
e nearly than any form ineu 
known. 

I think that this opinion wm fully 
justifiable; but the progress of inves- 
tigation has thrown an unexpected 
light on the question, and has brought 
us much nearer than could have been 
anticipated to a knowledge of the 
true series of the progenitors of the 

on are all aware that when your 
ilry was first discovered by Euro- 
peiTis, there were no traces of the 
existence of the horse in any part of 
the American Continent. The ac- 
counts of the conquest of Mexico 
dwell upon the astonishment of the 
natives of that uouutry when they 
first became acquainted with that 
inding phenomenon — a man 



* I U30 the word " type " bscauflc it \a 
liighty probable thut munj foniia nf An- 
eAjWarittra-like and EipparioH-\i\ia aai- 
mala existed in the .^Uuteno aodplioceaq 
epochs, just ae many sijcciw d'tha bono 
tnbe F)iidt now; aodit is liigbly iraprob- 
uble ihat the parriculiir spcciLS of Anehi- 
thsrium or Hipparion, iiliii:!i liappen to 
have been distiovered, should be precisely 
ifauae which have formed part 0( llic dim! 
hoc of the horse'fl pediRree. 
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seated apon a hovae. NevertbelesB, 
the iiiveBligations of American geol- 
ogiatH liave proved that the remains 
of horses occur in the most Bupei-fioial 
depoBJts of both North and Sooth 
America, just as tliey do in £aro[ie. 
Therefore, for eoiiie reason or other 
no feasible Biiggesiion on that subject 
HO far aa I know lias been niade — the 
herse must have died out in this con- 
tinent al some perio<i preceding the 
discovery of America. Of Jalo years 
there haa been discovered in your 
Western Territories that marvellous 
accumulation of deposits, admirably 
adapted for the preservation of or- 
ganic remains, to which I referred 
the other evening, and which fur- 
nishes us with a consecutive series of 
reMrda of the fauna of the older half 
of the Tertiary epoch, for which we 
have no parallel in Europe. They 
have yielded fossils in an excellent 
state of conservation and in unex- 
ampled number and variety. The 
researches of Leidy and others have 
shown that forms allied to the Ilip- 
parion and the AtichitkeHam are to 
be found among these i-einains. But 
itis only recently that the admirably 
conceived ami most thoroughly and 
patiently worked -out investigations 
of Professor Marah have given us a 
juBt idea of the vast fossil wealth, and 
of the Bcientitic importance of these 
depusitfi. I have had the advantage 
of glancing over the collections in 
Yale Museum, ami I can truly say 
that, so far as my knotvledge extends, 
there la no collection from any one 
region and series of strata comparabld 
for extent, or for the care with which 
the remains have been got together, 
or for their Hcientiliu importance, to 
the aeriea of fossils whioh he haa de- 
posited tlierc. This vast collection 
us yielded evidence bearing upon 
the question of the pedigree of the 
horae of tlic most striking character. 
It tends to show that we must look 
to America, rather than to Europe, 
for the ori^nal seat of the equine 
series ; and that the archaic forms 
and Bucci'ssive raodificaliona of the 
horse's ancestry are far better pre- 
served here thaU in Europs. 



Professor Marsh's kindness kas 
enabled me to put before you a dia- 
gram, every figure in which is an 
actual representation of some speci- 
men which i:t to be seen at Yale at 
this present time (Fig. 9). 

The succession of forms which he 
has brought together carries us from 
the top to tlio bottom of the Tertia- 
riea. Firstly, there is the true horBe. 
Next we have the American Pliocene 
form of the liorae (I'llohippus) -, in 
the conformation of its limbs it pre- 
vents some very alight deviations 
from the ordinary horse, and the ] 
crowns of the grinding teeth are 
shorter. Then comes the /*rotoAippi«, 
whioh represents the European IJip- 
parion, having one large digit and 
two small ones on eacli foot, and the 
general characters of the fore-anii 
and leg to which I have referred. 
But it is more valuable than the Euro- 
pean Sippurion tat the reason that it 
19 devoid-of some of the peculiarities^ 
of that form — peculiarities which tend 
to Bbow that the European Mippa- 
rather a member of a col- 
lateral branch than a form in tho 
direct line of succession. Next, in 
the backwai'd order in time, is tho 
Miokippiia, which corresponds pretty 
nearly with the Anchilherium of 
Europe. It presents tijree complete 
toes— one large median and two 
Emaller lateral ones ; and there is a 
rudiment of that digit, which answers 

the little finger of the human hand. 

The European record of the pedi- 
gree of the horse Gtopa here ; in the 
American Tertiaries, on the contrary, 
the series of ancestral equine forma is 
continued into tho Eocene formations. 
An older Miocene fonn, termed yl/e- 
soh'ppua, haa three toea in front, with 
a large eplint-like nidiment re|ire- i 
senting the little finger ; atid triree 
toes ^hind. The radius and ulna, 
tibia and ihe fibula, are distinct, 
and the Bhorl-crowned moiar teeth 

e anchitheroid iti pattern. 

But the most important discovery 
of all is the Orohippas, which come* 
from the Eocene formation, and is the 
oldest member of the equine sodes 
yet known: Here we lind foHT tDia- 
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piele toes on the front-limb, three toee 
on the hind-liiub, a well-developed 
lilQa,a well-developed fibula, and short- 
crowued grindera of Bunple [mtiem. 




have been predicted from a knowl- 
edge of the principles of evolution. 
And the knowledge we now poss«is 
justifies ua completely in tho antici- 

Fo«. Fore-wra. Leg. Upper MnJ.r, U,t,,r Molor, 
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Thus, tlianks to iheso important 
rcseiirches, it has become e^'ident that, 
JO far us our present knowledge ex- 
tends, the history of the horse-type ia 
exactly and precisely thut which could 



patio n, that when the still lowfii 
Eocene ileposits, and thoso wiiich bo- 
long to the Cretaceous epocJi, have 
yielded up their remains of aiieestra] 
equioti animnlti, we shall find, first) a 
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!orm wiUi four complete toss nn<\ i\ 
Miiiiioi^iit of the innermost or tiint 
digit ill front, with, probably, a rudi- 
ment of the fifth digit in the hind 
foot;" while, in still older forms, the 
Beries of the digits will be more and 
more complete, until we come to the 
five toed animalB, in which, if the 
doctrine of evolution la well founded, 
tile whole Bcriea muut have taken itt 
origin. 



That IS what 
Btrativo evidence 
inductive hypothesis is aaid to 



by deraon- 
An 



luouBtrated when the facte are shown 
to be in entire accoi-dance with it. If 
' that is not Kcienlitic proof, there arc 

no merely inductive cotiehisiona which 

I can be said to be proved. Andlhedoc- 

trioe of evolution, at the present time, 
rests upon exactly as secure a foun- 
dation as the Copernican theory of 
the molious of the heavenly bodies 
did at llie time of its promulgation. 
Its logical basis is precisely of the 
same character— the ooiucidenoe of 
tlie observed facta with theoretical 
reqiiirementB. 

The only way of escape, if it he a 
way of escape, from the conclusions 
which I have just indicated, is ihc 
aupposition that all these different 
equine forms have been created sepa- 
rately at separatL' epochs of time ; and, 
I repeat, that of such an hypothesis as 
this there neither is, nor can be, any 
scientifio evidence ; and, assuredly, so 
far as I know, there is none which is 
supported, or pretends to bo supported, 
by evidence or authority of any other 
kind. 1 can but think that the time 
vnll come when such snggestions as 
these, such obvioun attempts to escape 
the force of demonstration, will be 
put upon the same footing aa the sup- 
position made by some writers, who 
are, I believe, not completely e.ttinct 
at present, that fossils are mere simu- 



* Since Ibis lecture was delivered. Pro- 
fessor Mursb has discovered a new genus 
ot equine njammalg (EaMppui) from the 
luweat Eocene deposits ol Ihe West, 
which corresponds very nearly ti' (his 
description, — Amerimn Journal oj Sei- 
ence, November, 1870. 



) no indications of theformer''" 
of the animals to which they 
I seem to belung ; but that they are 
either sports ot Nature, or special 
creations, intended^as I heard KUg- 
gested the other day — to test our 
faith. 

In faot,the whole evidence is infavor 
of evohilion, and there is none against 
it. And I say tlds, although per- 
fectly well aware of the seeming ditB- 
cnlttes which liave been built up upon 
what appears to the uuinformcil to be 
a solid foundation. I meet constantly 
with the argument that the doctrine 
of evolution cannot be well founded, 
because it requires the lapse of a very 
vast period of time ; while the dura- 
tion of life upon the earth, thus im- 
plied, is inconsistent with the conclu- 
sions arrived at by the astronomer and 
the physicist. I may ventuie to say 
that I am familiar with those conclu- 
sious, inasmuch as some years ago, 
when President of the Geolo^oal So* 
ciety of London, I took the liberty of J 
criticising them, and of showing; is ' 
what respects, as it appeared ta me, 
they lacked complete and thorough 
demonstration." But, putting that 
point aside, suppose that, as the 
astronomers, or some of them, and 
some physical philosophers, t«ll us it 
is impossible that life could have en- 
dured upon the earth for as long a 
period as is required by the doctrine 
of evolution — BU}iposing that to b» 
proved — I desii'e to be informed what 
is the foundation for the statement 
that evolution does require so great a J 
time? The biologist knows no thins j 
whateverof thearaountof timewhioa * 
may be reqiiired for the process of 
evolution. It is a matter of fact that 
the equine forms, which I have de- 
scribed to you, occur in the order 
stated in the Tertiary formations. But 
I have not the slightest means of 
guessing whether it took a million of 
years, or ten millions, or a hundi'ed 
millions, or a thousand millions of 
years, to give rise to that series of 
changes. A biologist has no meand 
of amviug at any conclusion as 
" e amount of time whiob 
may be needed for a e/ittaiix. ] 
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qiiBDtity of organic change. He take; 
his time fro.n the geologist. The 
geologist, couBidcriog the rate at 
which deposits are formed and thi 
rat* at which denudation goes oi 
«pon the surface of the earth, arrivei 
at more or leaa justifiable conclusion. 
H to the time which is required for 
the deposit of a certain thickness of 
rooks; and if he tells me that the 
Tertiary formations required 500,- 
000,000 years for their deposit, I eup- 
pofle he has good ground for what he 
Mys, and I take that a» a meas rs of 
the duration of the evolution of the 
horse from the Orohippus up to its 
present condition. And, if he is 
right, undoubtedly evolution is a 
rery ilow process, and requires a 
g^eat deal of lime. But suppose, 
DOtv, that an astronomer or a pnysi- 
OiAt — for instance, my friend Sir W il - 
Ham Thomson — tells me that my geo- 
logical authority is quite wrong ; and 
tliat he has weighty evidence to show 
that life could not possibly have eE- 
isted upon the surface of the earth 
600,000,000 years ago, because the 
earth would have then been too hot 
to allow i>f life, my reply is: "That 
is not ray affuir ; settle that with the 
geologist, and when you have oome 
lo an agreement among yourselves I 
wUi adot.t your conclusion." Wo 
take our time from the geologists 
and physicists ; and it is monstrous 
that, having taken our time from the 
physical philosopher's clock, the phys- 
loal philosopher should turn round 
upon us, aud say we are too fast or 
too alow. What we desire to know 
ia, is it a fact that evolution took 
place! As to the amount of time 
which evolution may have occupied, 
we are in the hands of the physicists 
and astronoinoni, whose business it is 
to deal with those questions. 

I have now, ladies and gentlemen, 
arrived at the conclusion of the task 
which I set before myself when I 
■ndertook to deliver these lectures. 
My purpose has been, not to enable 
^oee among you who have paid no 
attention to these subjects before, to 
Wre this room ia a condition to de- 



cide upon the validity ur the in- 
validity o£ tiiti hypothesis of evolu- 
tion ; but I have desired to put be- 
fore you the principles upon which 
all hypotheses respecting the history 
of Nature must be judged; and fur- 
thei-more, to make apparent the na- 
ture of the evidence aud the amount 
of cogency which is to be expected 
and maybe obtained from it. To this 
end, I have not hesitated to regard 
you as genuim; students aud person! 
desirous of knowing the truth. I 
have not shrunk from taking yoa 
through long discussions, that I fear 
may have sometimes tried your pa- 
tience ; and I have inflicted upou yoa 
details which were indispensible, but 
which may well have been weari- 
some. But I shall rejoice — I shall 
consider that I have done you the 
greatest service which it was in my 
power to do — if I have thus con- 
vinced you that the great question 
which we have been discussing is not 
one to bo dealt with by rhetorical 
tiourishea, or by loose and superficial 
talk; but that it requires the keen 
attention of the trained intellect and 
tlie jiatience of the accurate observer. 
When I commenced this series of 
lectures, I did not thiuk it necessarv 
preface them with a prologue, such 
as might be enpected from a stran^r 
and 3 foreigner; for during my brief 
stay in your country, I have found il 
very hard to believe that a stranger 
could be pOiisesBed of so many friends, 
and almost harder that a foreigner 
uld express himself iuyour language 
such a way as to be, to all appear- 
ces, eo readily intelligible. So far 
I can judge, that most intelligent, 
and, perhaps, I may add, most singu- 
larly active and enterprising body, 
' press reporters, do not seem to 
i been deterred by my accent 
1 giving the fullest account of 
everything that I happen to have 

But the vessel in which I take my 
departure iseven now ready to slip her 
moorings; 1 awake from my delusion 
that I am other than a stranger and a 
foreigner. I am ready to go book 4^ ~ 
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bf place And COD ntrj' ) bul, before do- 
_ Jiig 9(», let lup, by way of epilogue, 
"■teiidfr to yon my most liearty thanks 
for the kind nnd cordial reception 
which you have Jtccotiled to me; and 
let iiie thank yoii stilt more for that 
^frhich is the greatest complinieut 



which can be afforded to any pcrtiOD 
in my position — ihe conliiiuoua nitd 
nndiatiirbed iitteutiuu which j'ou have 
bestowed u|io(i ihe loiiij arpumim'. 
which I have had thL' lioiior to lay b« 
fore you. 



THE STUDY OF BIOLOGY, 



I Lecture delivered on the occasion of an Exposition of ScierUifc Appara- 
tus, in the South Kensington Museum, London, in i8j6. 
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It is my duty to-night to speak 
lont the study of Biology, and 
while it may be that there aru many 
of my audience who are quite farnil- 
iar with that stiidy; yet as a lecturer 
of some Btaodiiig, it would, I know 
by experience, be very had policy on 
my part to suppose such to be exten- 
sively the case. On the contrary, I 
-must imagine that there are many of 
who would like to know what 
3gy is ; that there are others who 
,ve that amount of information, 
would neverthelesa gladly hear 
ihy it should be worth their while to 
' [dy Biology j and yet others, 
to whom these two points are 
but who desire to learn how 
ley had best study it, and, finally, 
'hen they had best study it. 
I shall, therefore, address myself 
to the endeavor to give you some an- 
swer to these four questions^ what 
Biology is ; why it should be studied ; 
faow it should he studied ; and when 
it should be studied. 

In the first place, in respect to 
what Biology ia, there are, I believe, 
Bome persona who imagine that the 
term "Biology" is simply a new- 
fangled denomination, a iieologisni in 
■hort, for what used to be known 



under the title of " Natural History ;" 
but I shall try to show you, on the 
contrary, that the word ia the expres- 
sion of the giowth of science during 
the last 200 years, and came into ex- 
istence half a century ago. 

At the revival of learning, knowl- 
edge was divided into two kinds — 
the knowledge of nature and the 
knowledge of man ; for it was ihe 
current idea then (and a great deal of 
that ancient coneeplion stUl remains) 
that there was a eort of essential 
antithesis, not lo say antagonism, 
between nature and man; and thai 
the two had not very much to do 
with one another, except that the one 
was oflimes exceedingly troublesome 
to the other. Though it is one of the 
salient merits of our great philoso- 
phers of the seventeenth century. 
that they recognized but one scien- 
tific method, applicable alike to maD' 
and to nature, we liud this notion of 
the existence of a broad dislinction 
between nature and man in the 
writing." bott of Bacon andof Hobbes 
of Malmesbury 1 and I have brought 
with me that famoun woi'k whioh 
is now so little known, greatly as it 
to be studied, ■■The Ti«vi«- 
in order that I may put to 
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Ton in the wonilerfully tcrso ami elortr 
language of Thomas Hubbua, ' " 
was his view of itm luatttr. 
says:— 

"The registorof knowledge of fact 
i.) ualletl history. Whereot there be 
two aurts, one caUefl natural tilatory ; 
whiuh is the history of cuuh facta oi 
effeiilB of nature as have no depend- 
ence on man's will; Buuh aa are the 
higtones of metals, plants, animals, 
regions, and the like. The other is 
civil history; which ia the history of 
the voluntarv actions of 
mo n wealths. 

So that all history of fact was divid- 
ed into theae two great groups of nat- 
ural and of civil history, 'i lie Royal 
Society was in course of foundatior 
&bout the time that Hobbes was writ 
iug this book, which was published 
in 1651; and that Society was termed 
a, "Society for the Improvment of 
Natural Knowledge," which was then 
nearly the same thing aa a "Society 
forthe Improvement of Natural His- 
tory." As time went on, and the va- 
rious branches of human knowledge 
became more distinctly developed and 
separated from one another, it was 
found that some were much more sus- 
ceptible of precise mathematical 
treatment than others. The publica- 
tion of the "Principia" of Newton, 
which probably gave a greater stimu- 
lus to physical science than any work 
aver published before, or which is 
likely to be published hereafter, 
showed that precise mathematical 
methods were applicable to those 
branches of science such as asti'onomy, 
and what we now call physics, which 
occupy a very large portion of the do- 
main of what the olcler writers under- 
stood by natural history. And inas- 
much as the partly deductive and 
partly experimental methods of treat- 
ment to which Newton and others 
subjected these branches of human 
knowledge, showed that the phenom- 
ena of nature which belonged to them 
were susceptible of explanation, and 
thereby came within the reach of what 
was called "philosophy" in thosedays; 
so much of this kind of 



if knowledge as 



was not included under astroncmy 
came to be spoken of as "natural phil- 
osophy" — a tomi which Kacoii had 
employed in a much wider sense. 
Time went on, and yet other branches 
of science developed ih era selves. 
Chemistry took a detinito shape; and 
since all these science:', snoli as as- 
tronomy, natural philosophy, and 
chemistry, were susceptible either of 
mathematical treatment or of experi- 
mental treatment, or of both, a brood 
distinction was drawn between the 
experimental branches of what had 
previously been called natural his- 
tory and tbeobservaiional branches — 
those in which cxperinient was (or 
appeared to be) of doubtful use, and 
where, at that time, mathematical 
methods were inapplicable. Under 
these circumstances the old name of 
" Natural History" stuck by the re- 
siduum, by those phenomena, which 
were not, at that time, susceptible 
of mathematical or experimental 
treatment ; that ia to say, tl '" 
phenomena of nature which c( 
LOW under the general heads 
physical geography, geology, mil 
alogy, the history of plants, and the 
history of animals. It was in this sense 
that the term was understood by the 
.t wi'iters of the middle of the 
last century — Buffon and Linuaius — 
by Buffon in hia great work, the " His- 
loire Naturelle Generale," and by 
Linnieus in his splendid achievement, 
■• Systema Naturie." The subjects 
they deal with are spoken of as "Nat- 
ural History," and they called them- 

is and were called "Naturalist 
But you will observe that this 
not the original meaning of I 
terms ; but that they had, by this tii 
acquired a signification widely diSt 
ent from that which they posst 
primitively. 

The sense in which " Natural 

tory" was used at the time I am 

speaking of has, to a certain extendi 

idured to the present day. Thoi 

e now in existence in some of oi 

irthern universities, chaira of " Cii 

and Natural History," in which "Ni 

ural History" is used to indicate 
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actly what Ilobbea and Bacon meant 
by that tei-ni. The iihappyiucumbent 
of the chair of Natural History is, or 
was, BuppoBed to covei' the whole 
ground of geology, mineralogy, and 
aoology, perha^is even botany, ui his 
lectures. 

But as science made the mai-vclloiiB 
progress which it did make at 
the latter end of tlie last and 
the boginning of the present cen- 
tury, thinking men began to dis- 
cern that under this title of 
"Natural History" iheio were in- 
cluded very heterogeneous constitu- 
ents — that, for example, geology and 
mineralogy were, in many respects, 
widely different from botany and 
zoology ; that a man might obtain ati 
esteuaive knowledge of the structure 
and fuutions of plants and animals, 
without havingneed to enterupou the 
study of geology or mineralogy, 
vice ve/'ad ; and, further, as knowl- 
edge advanced, it became clear that 
there wnsagreutanalogy, avery cli 
alliance, between those two sciem 
of botany and zoology which 
deal with living beings, while they 
arc rauoh more widely separatwl 
from all other studies. It is due to 
Biiffou to remark thathe clearly i-ecog- 
nized this great fact. Ho say» : " Cea 
deux genres d'cti-ea organist [li 
aiiimaux et lea vtig^taujTj out beau- 
ooup plus de proprietes communes 
que de differences r^eles." There- 
fore, it is not wonderful, that at the 
beginning of the present century, in 
two different countries, and so far as 
I know, without any intercommuni- 
oation, two famous meu clearly con- 
ceived the notion of uniting the 
Bciencea which dual with living mat- 
ter into one whole, and of dealing 
with them as one dicipline. In fact, 
I may siy there were three men to 
whom thia idea occurred contempo- 
raneously, although there were nut 
two who carried it into effect, and 
only one who worked it out complete- 
ly. The persons to whom I refer 
1 the eminent physiologist Bichat, 



man, Trevirauus. 
the existence of 
" physiologic at 
in a work published 
first time made 
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fiicbat* assumed 
special group of 
ts. Lxmaftik, 
1801,tforthe 
of the name 
" Biologie," from the two Greek 
words which signify a discourae 
upon life and living things. About 
the same time it occurred to Trevi- 
rauus, that all those sciences which 
deal with living matter are essen- 
tially and fundamentally one, and 
ought to be treated as a whole ; and, 
in the year 1802, he published the 
first volume of what he also called 
" Biologie." Treviranus's great merit 
lies in this, that he worked out liis idei 
and wi-ote the very remarkable book 
to which I refer. It consists of six 
volumes, aud occupied ils author for 
twenty yearn— from 1802 to 1822. 

That ia the origin of the term 
"Biology; " and that is how it hafl 
come about that all clear thinkers 
and lovers of consistent nomencla- 
ture have substituted for. the old con- 
fusing name of " Natural History," 
wliich has conveyed so many mean- 
ings, the term " Biology," whiob de- 
notes the whole of the sciences which 
deal with liviug things, whether they 
be animals or whether tliey be planta. 
Some little time ago — in the course 
of this year, I think— I was favored 
by a learned classic. Dr. Field of 
Norwicli, with a disquisition, in ivhicb 
he endeavored to prove that, from a 
philologieat point of view, neither 
Trevirantis nor Lamarck had any 
■iglit to coin this new word '■ Hiol 
ogy" for their purpose ; that, in facl^ 
the Greek word " Bios " had relation 
only to human life and human affairs. 
,d that a different word was era- 
ployed by the Greeks when they 
wiabed to apeak of the life of ani- 
mals and plauts. So Dr. Field tells 
U8 we are all wrong in using the term 
biology, and that we ought to employ 
another ; only be is not quite »ure 

tlw 



* See the distiaction betweei 
icieiiees phvaiqucs " ami the " si 
- -,. y- , . - Iphjaiologiques" in the "Anatomic Qe«- 

and the great naturalist liiimarck, in crale," l»dl. 

France; and a distinguished Ger- ' +"'njdTOgeologie," an. x (1801). 
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about the proprioty of Uiat which he 
proposes as a Bubstitut«. It is n eomc- 
whut hard one — " zoo tocology." I ain 
sorry we are wrong, because wo art; 
likely to contmueao. In tliose matters 
wo must have some sort of " Statute 
of Limitationa." When a naino has 
been employed for half a-century, 
persons of authority * have been 
using it, and its sense has become 
well understood, I am afraid thbt 
people will go on using it, whatever 
the weight of philological objectiou. 
Now that we have arrived at the 
origin of this word " Eioloay," the next 

Soint to consider is : What ground 
oes it cover? I have said that, in 
its strict technical sense, it denotes all 
tho phenomena which ave exhibited 
by living things, as distinguished 
from those which arc not living ; but 
while that is all very well, so long as 
we oontine ourselves to the lower ani- 
mals and to plants, it lands us in con- 
siderable difficulties when we reach 
the higher forms of living things. For 
whatever view we mayentertam about 
the nature of man, one thing is per- 
fectly certain, that he is a living crea- 
ture. Hence, if our definition is to be 
interpreted strictly, we must include 
man and all his ways and works under 
the head of Biology ; in which case, 
we should find that psychology, poli- 
tics, and political eponoiuy would be 
absorbed into the province of Biology. 
In fact, civil history woiild be merged 
in natural history. In strict logic it 
may be hard to object to this course, 
because no one can doubt that the 
rudiments and outlines of our own 
mental phenomena are traceable 
among the lower animals. They have 
their economy and their polity, and 
if, as is always admitted, tho polity of 
bees and the commonwealth of wolves 
fall within the purview of tho biolo- 
gist proper, it becomes hard to say 



""The term Biology, which meana ex- 
actly what we wish to express, the Science 
qfLife, has often been used, and liaa of 
late become not uncomnion among good 
writera." — Whewell. "Philoaophj of tbo 
Inductive ScienceB," vol. i. p. 544 (edi- 
tion of 1847). 



why wu should not include therein 
human affairs, which in so many case-i 
resemble those of tho bees in zealous 
geuin^, and arc not without a certain 
parity m the proceedings of the wolves. 
The real fact is that we biologists are 
a self-HacriScing people ) and inaa 
much as, on a moderate estimate, 
there are about a quarter of a million 
dilferent species of animals and plants 
to know about alreadv, we feel that 
wc have more than sutticiout temtory. 
There has been a sort of practical 
convention by which wc give up to 
a different oiaiiuh of science what 
Bacon and Hobbs would have called 
"Civil History." That branch of sci- 
ence has constituted itself under the 
head of Sociology. I may use phrase- 
ology which, at present, will be well 
understood^ and say that we have al- 
lowed that province of Biology to be- 
come autonomous ; but I should like 
you to recollect that that is a sacri- 
fice, and that you should not bo sur- 
prized if it oooasionally happens that 
you see a biologist apparently trSft- 
passing in the region of philosophy 
or politics ; or meddling with human 
education; because, after all, that is 
a part of hh kingdom which he has 
only voluntarily forsaken. 

Having nowdeiinedtho meaning of 
the word Biology, and having indi- 
cated the general scope of Biological 
Science, I turn to my second question, 
which is — Why should we' study Bi- 
ology ? Possibly the time may come 
when that will seem a very odd ques- 
tion. That we, living creatures, should 
not feel a certain amount of interest 
in what it is that constitutes our life 
will eventually, under altered ideas of 
the fittest objects of human inquiry, 
appear to be a singular phenomenon; 
but at present, judging by the practice 
of teachers and educators, Biology 
would seem to be a topic that does 
not concern us at all. I propose to 
put before you a few considerations 
with which I dare say many will be 
familiar already, but which will suffice 
to show — not Itillv, because to dem- 
onstrate this point fully would take a 
great many lectures — that there are 
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some very gooa and BabstanlJal r 
BOQBwhy it may bo advisable that 
should know something abont this 
branch of human Jeaniing. 

I myself entirely agree with 

I otherseiitimeiit of the philosopher of 

Halmesbiiry, "that the scopo of all 
Bpetsulation is the performauee of 
some action or thing to bo dooe/'and 
I have not any lery great respect for, 
or interest in, mere knowing as such. 

I I judge of the value of human pur- 

«iuits by their bearing upon human in 
lercHtB; in Other words, by their utili- 
ty; but I should like that we should 
quite clearly understand what it is 
that we mean by this word "utility." 
In an EngliBhinan'a mouth it generally 
means that by which we get pudding 
or pi-aisG, or both. I have no doubt 
that is one meaning of the word util! 
ity, but it by no ineaus includes all I 
mean by utility. I think that knowl 
edge of every kind is useful in pro- 
portion asit tends to give people right 
ideas, which are essential to the foim- 
dntjoii of light practice, and lo re- 
move wrong ideas, whiuli are the no 
less essential foundations and fertile 
mothers of every description of error 
in practice. And inasmuch as, what- 
ever practical people may say, this 
world is, after all, absolutely governed 
by-ideas, and very often by the wild- 
eat and most hypothelic:il \doa», it is 
a matter of the very gi'oatest itnpor- 
lanue that our thuurieH of things, and 
even of tiling iliat seem a long way 
apart fi'oin uiir daily lives, should be 
as far ati pusnible true, and as far as 
possible i-einoved from error. It is 
not only in the uoai'ser practical sense 
of the word "utility," but in this higher 
and Ln-oader sense, that I measure the 
vahie of the study of biology by its 
utility; und I t;hall try topomt out to 
you that you will feel the need of 
some knowledge of biology at a gi-cat 
many turns of this present nineteenth 
uentury life of out's. For example, 
most of us attach great importance to 
the oouueplion which we eut«rtain of 
the position of man in this universe, 
and his relation totlie rest of nature. 
We have almost all been told, and 



most oftis hold bythe tradition, that 
man occupies an isolated and peculiar 
]Jositioii iu nature ; tlmL though he a 
in the world, lie is not of the world ; 
that his i-elalions to things about him 
are of a remote character; that bis 
origin is recent, his duration likely to 
be short, and that he is the great cei:- 
trai iigure round which other things 
ill this world revolve. But this is nut 
what the biologist tells us. 

At the present moment you will be 
kind enoughto separate nicfrom them, 
because it is in no way essential to my 
present argument that I should advo- 
cate their views. Don't suppose that 
I am saying this for the purpose of 
escaping the responsibility of their bc" 
liefs ; indeed, at other times, and in 
other places, I do not think that point 
has been left doubtful: but I want 
clearly to point out to you that for ray 
present argument they may all be 
wrong ; and, nevertheless, my argu- 
ment will hold good. The biologista 
tell us that all this is an entire mis- 
take. They turn to the physioxl 
organization of man. They examine 
his whole structure, liis bony frame 
and all that clothes it. They resolve 
him into the tinest particles into which 
the microscope will enable them lo 
break it up. They cmsider the per- 
formance of his virions functions ai.d 
activities, and tliey look at thu manner 
in which he occurs on the surface of 
the world. Then Ihey turn to other 
animals, and taking the first handy 
domestic animal — say a dog — they 
profess to be able to demonstrate that 
the analysis of the dog leads them, in 
gross, to (Ji-ecisely the same results as 
the analysis of ihe man; that they find 
almost identically the same bones, 
having the same relations ; that they 
name thu muscles of liie dog by 
names of the muscles of the man, 
and the nerves of the dog by those 
of the nei-ves of the man, and that 
such structures and organs of the 
sense as we find in thu man such 
also we find in the dog ; they analyze 
tlie brain and spinal cord, and they 
tiud that the momeuclature which tits 
the one answers for the other. They 
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raicroscopiu mquines in 
! of the dog ns' far as tho^ 
DBti, iiiid Lhcy find that liis body is 
resolvable into tlie same elements aa 
thosu of ibc man. Moreover, they 
trout' back the dog's and the man's 
dcviilopiaent, and they find that, 
at a certain Btiu;o of their exist- 
ence, the two creatures are not dls- 
titiguishable the one from the other ; 
they lind that the dog and bis 
kind liave a certain distribution 
n\-er tlie siin'aue of the woild, oom- 
liarahlo ill its way to the distribution 
of the human species. What is true 
of the doy Ibey tell ns is true of all 
the higiier animals ; and tliey 
that they ean lay dowa a common 
plan for this whole of these creatures, 
and regard the man and the dog, the 
horse and the ox as minor inodifica- 
tiona of one groat fiindainental unity. 
Moreover, the investigations of the 
last three-quarterft of a century have 
proved, tlioy tell us, that similar 

tuiries, carried out through all tho 
liferent kinds of animals which 
met with in nature, will lead us, not 
in one strai^^bt series, but by many 
roads, step by step, gradation by 
gradation, from man, at the summit 
lo specks of animated jelly at thi 
bottom of the series. So that the 
idea of Leibnitz, and of Bonnet, that 
animals forta a great scale of being, ' 
which there are a aeries of gr;idatioca 
from the most complicated form to 
the lowest and simpeat; that idea, 
though not tiactly in the form in 
which it was propounded by those 
philosophers, turns out to be substan- 
tially correct- More than this, when 
biologists pursue their investigations 
into the vegetable world, they find 
that they ean, in the same way, fol- 
low out the strncture of the plant, 
from the most gigantic and compli- 
cated trees down through a similar 
series of gradations, until they arrive 
at speeka of animatoil jelly, which 
they arc puzzled lo disii.guishfi-om 
those specks which liiey reached by 
tiio animal roail- 

Thiifl, blo'agists have arrived at the 
£cr^cb:iioii Ll.itt a Imidatueiital uni- 



formityof structure pervades the ani- 
mal and vegetable woriils, and that 
plants and animals differ from one 
another simply as diverse modifica- 
tions of the same great general i>lau. 
Again, they tell us the same story 
in regard to the study of function. 
They admit the largo and iuportaul 
interval which, at the present time, 
separates the ma uife stations of the 
mental faculties, obsorvable in the 
higher forms of mankind, and even 
in the lower form.'*, suuh as we know 
them, from tJioac exhibited by other 
animala; but, at the Biirne time, they 
tell us that llie foiiudjitions, or rudi- 
ments, of almost all the fjieultieM of 
man are to bo met v.-lih in the lowei' 
animals; that there is a iinityof men- 
tal faculty as ivell as of bodily struc- 
and that, here also, the differ- 
is a difference of degite and nut 
of kind. 1 said "almost all," for a 
Among the many diatina- 
tions which have been dravvii between 
the lower creatures And ourselves, 
there is one wliicU is hardly ever in- 
sisted on,* but which may bo very 
fitly spoken of in n place so lai^ly 
devoted to Art as that in which 
bled. It is this, that 
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lis, it is possible to discover traces 
of all the other faculties of man, .es- 
pecially the faculty of mimicry, yet 
that particular form of mimicry 
which shows itself in the imitation of 
form, eitherby modelliut,' orby draw- 
ing, is not to liie met with. As far as 
I know, thera is no sculpture or mod- 
elling, and decidedly no painting or 
drawing, of animal origin. I men- 
tion the fact, in order that suoh 
■mfort may be derived therefrom 

artists may feel inclined to take. 

If what the biologists tell ns is 
true, it will be needfid to get rid of 
conceptions of man, and 
of his place in nature, and to auhsti- 
tute right ones for them. But it is 
impoasihle to form any judgment as 
to whether the biologists are right or 
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wrong, unless we are able to appreci- 
ate the nature of the arguments which 
they have to offer. 

One would almost think this to be 
a self-evident propoBilioti. I wonder 
what a Kcholai- would say to the 
who should undertake to uritici 
difficult passage in a Greek play, but 
who obviously had not acquainted 
himself with the rudiments of Greek 
grammar. And yet, before giving 
positive opinions about these bish 
questions of Biology, people not ouly 
do not seem to think it necessary to 
be acquainted with the grammar of 
the subject, but they have not even 
mastered the alphabet. You find 
criticism and denunciation showered 
about by peraona, who not ouly have 
not attempted to go through the dis- 
cipline necessary to enable them to 
be judges, but who have not even 
reached that stage of eiaergenoe from 
ignorance in which the knowledge 
that such a discipline is necessary 
dawns upon the mind. I have had 
to watch with some attention — In fact 
I have been favored with a good deal 
of it myself — the sort of criticism 
with which biologists and biological 
teachings are visited. I aia told every 
now and then that there is a " bril- 
liant article"" in so-and-so, in which 
we are all demolished. lusedtoread 
these things once, but I am getting 
old now, and I have ceaseil to attend 
very much to this cry of "wolf." 
When one does rvid read any of these 
productions, what onefiuds generally, 
on the face of it, is that the brilliant 
critic is devoid of even the elements 
of biological knowledge, aud that 
hia brilliaucy is like the light given 
out by the crackling of thorns under 
a pot of which Solomon speaks. 
So far as I recollect, Solomon makes 

• Galileo was troubled by a sort of 
people whom he colled " paper phtlnso- 
pberH," becouse the; fancied that the true 
isading ot nature waa to be delfClod l.'y 
the collation of texts. Tbc race ia not 
extinct, but, as ot old, brings forth ita 
" winds of doctrLie" by which the 
weathercock heads anong ub are much 
averciBed. 



use of the image for the purposes 
compai-JBou; but I will not proe 
further into that matter. 

Two things must be obvious : in 
the first place, that every man who 
h.is the inrerestB of truth at heart must 
earnestly desire that every well-found- 
ed aud just criticism that can be miule 
should be made ; but that, in the seo^ 
oad place, it is essential to anybody's 
being able to benefit by criticism, that 
the critio shoidd know what he is talk- 
ing about, and bo in a position to 
form a mental imago of the facts 
symbolized by the woi-ds he uses. II ' 
not, it is obvious in the case of a 

^ical argument, as it is in that of 
a historical or philological discussion, 
that such criticism is a mere waste of 
time on the part of it^ author, and 
wholly tmdeserving of attention on 
the part of tliose who are criticised! . 
Take it then as an illustratioD of the 
importance of biological study, that 
thereby alone are meu able to form 
Botuethlug like a rational conception 
of what constitutes valuable criticism 
of the teachings of biologists.* 



Jonie criiica do not even take tlic 
Ijonble to read. I hove reoeatlv ijuea 
idjiircd with much soleranity, to state 
publicly why I have " changed my opin- 
ion " as to tho value of the pala^ontolo- 
gical cvidLTJCo of tho oceurrtncc of tvo- 

To this my reply is, Why sliould 1, 
when that etateaient was made seven 
years ago ! An address delivered from 
the Presidential Chair of the Gteologica! 
Society, in 1870, may be said to be a pub- 
lic document, inasmuch as it not only 
ippeared in the Journal of that learned 
body, but was re-pubbahed, in 1878, in a 
volume of " Critiques and Addresses," to 
which ray naaie is attached. Therein 
will be found a pretty full statement of 
easuuB lor eaunciatiug two prupo- 
as: tl) that "when we turn to the 
higher Vertebrata, the results of recent 
investigations, however we way sift and 
criticise them, aecm to me to leave a clear 
balance in lavor of tha evolution of living 
forma one trom another;" and {%) that 
the case of the horse ia one whic.: "will 
stand rigorouB criticism." 

Thus 1 do not see clearly in what way 
I can be said to have changed my opin- 
ion, except in the way of intensifying i% 
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Next, I may mention another 
iiig of biological kriowloUge — a muro 
practical one in the ordinary seiiso of 
iho word. Consider the theory of in- 
fectious disease. Surely that is of 
interest to all of us. Now, ti*) theory 
of infectious disease ifi rajjifl-y being 
elucidated by biological Ktiu'.y. It is 
possible to proilucc. from among the 
lower animals, oxainjtleH of dovaata- 
tiug diseases which spiHiikd in the xame 
manner as our infections iliRordera, 
and which ar.? certainly and uiiniiK- 
takably caused by living organisms. 
This fact renileift it possible, at any 
rate, that th.it doolrine of the cau- 
sation of infectiun^ diaoase which 
known under the name of "the germ 
theory" may be wcll-foufidcd ; and, 
if so, it must needs lead to the iniist 
important practical measures in deal- 
ing with those terrible visitalions. Il 
may bo veil that the general, a^ well 
03 the professional, publio should In 
a salliuient knowledee of biological 
tnttbs to be able to t^e a rational in- 
terest in the discussion of such pi'ob- 
lems, and to see, what I think they 
may hope to see, that, to tliose who 
possess a sufficient elementary knowl- 
edge of Biology, they are not all 
quite open questions. 

Let me mention another important 
practical illustration of the value of 
biological study. Within the last 
forty years the theory of agriciillnre 
has been revolutionized. The re- 
searches of Liebig, aiid those of our 
own I.awes and Gilbert, have had a 
bearing upon that branch of industiy 
the importance of which cannot be 
overestimated ; but the whole of these 
new views have grown out of the 
better explanation of certain pro 
□essea which go on in plants; and 
which, of course, form a part of the 
subject matter of Biology. 

1 might gc on multiplying these 
examples, but I see that the clock 
won't wait for me, and I must there- 



wben in con-^equonce of the accumulation 
of Eimilar evidence sincG 1970, 1 recently 
■pnke ot the deninl ot uvulutian as nut 
worth seriouB consideration. 



fore pass to the third question fo 
whi-'b I referred: Granted that Biol- 
ogy is something worth studying, 
what is the best way of studying itt 
Ilero I must point out that, since 
Bioiogv is a pbysioa! ecience, the 
methoa of studying it must needs be 
analogous to that which_ i:^ followed 
in the other physical fciui'ice^. It hu 
now lung been recognized that, if a 
man wislies to be a chetnist, it is not 
only jiccessury that he slioidd read 
ivlicMiical books and attend chomioal 
lectures, but that he should actually 
perform the fundamental expeiimenti 
in the laboratory for himself, aud 
thus leani exactly what the words 
which he iinds in his books and hears 
from his teachers mean. If he does 
not ito so, he may read till the crack 
of doom, but lie will never know much 
abont chemistry. That is what every 
chemist will tell you, and the physicist 
will do the same for his branch of 
science. The great changes aud im- 
provements in physical and chemical 
Bcientilic education, which have taken 
place of late, have all resulted from 
the combination of practical teaching 
with the reading of books and with 
the hearing of lectures. The same 
thing is true in Biology. Nobody 
will ever know anything about Bi- 
ology except in a dilettante " paper- 
philosopher" way, who contents him- 
self with reading books on botany, 
zoology, and the like ; and the reason 
of this is simple aiid easy to under- 
stand. It is that all language is 
merely symbolical of the things of 
which it treats ; the more complicated 
the things, the more bare is the sym- 
bol, and the more its verbal definition 
requires to be supplemented by the 
information derived directly from«the 
handling, and the seeing, and the 
touching of the thing symbolized : 
that is really what is at the bot- 
tom of the whole mattei-. It u 
plain common sense, as all truth, 
the long run, is only common 
se clarified. If you want a man to 
be a tea merchant, you don't tell hue 
to read books about China or about 
tea, but you put him into a tta mer 
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chant's office, where he has the hand- 
ting, the emelling, and the tustiug oi 
t«a. Witiwut the sort of knowledge 
which can be gained only in this 
practical way, .his exploits as a tea 
merchant will soon coine to a bauk- 
rupt termination. The "paper-philos 
opherB" are under ttio delusion that 
physical science caii be mastered as 
literary accomplish meniH aro ac- 
quired, hut unfortunately it is not so. 
xou may read auy ipiaiitity nf hooks, 
aud you may be almost as ignorant 
as yoit were at starling, if you don't 
have, at the back of your niiuds, the 
change for words in deliuite iiiiageH 
which can only be acquired ihrougj] 
the operation ot" your observing fac- 
ultieH on the phenouieiia of nature 

It may be said : — ■"That is all very 
well, but you told us just now that 
there are probably something like a 
quaiter of a million dill'ereiit kinds 
Di' living and extinct animals and 
plants, and a humau life could not. 
auttice for the eiamiuation uf une- 
fiftieth part of all these." That is 
true, but then comes the groat incoii- 
venieuce of the way ihiugs are ar- 
ranged ; which is, that although 
there are these immeuse numbers of 
differeut kinds of liviug tiling in ck- 
iitence, yet they are built np, after 
all, upon maivellously few plans. 

There are certainly more than 
100,OUD species of insects, and yet 
anybody who knows one insect — if a 
properly chosen one — will be able to 
have a very fair conception of the 
structure of the whole. 1 do not 
mean to say to say that he will know 
that structure thoroughly, ov as well 
as it is desirable he should know it ; , 
but he will have enough real know H 
edge to enable him to undei'stand 
T/hM he reads, to have genuine im- 
ages in his mind of those structures 
which become so variously modified | 
in alt the foims of insects he hai* not 
seen. In fact there are such tlunga 
as types of form among animals and 
vegetables, aiid for the purpose of 
gettmg a deliuite knowledge of what 
Donstitutes the leading modifications 
of animal and plant life, itisuot need- 



pla, 

Let me tell you iviiat we do in 
the biological laboratory which is 
lodged iu a building adjaoeut lo this. 
There I lecture to n cla^s of studenli 
daily for about four-aiul-a half mouths 
and my class have, of oonrsu, tlieir 
leit-buoks ; but the e-sential part of 
the whole teaclihig. and that which I 
I'egard as really tiiu most important 
part of it, is a laboratory for practi- 
cal work, which is simply a roonL 
with all the appliances needed for 
oi'dinary dissection. We have tables 
properly arranged in regard to 
light, microscopes, aud dissect- 
ing iuatrumenls, aud we work 
through the structure of a certain 
mimber of animals and plants. A&, 
for example, among the plants, we 
take a yeast plant, a i'rotiKoccua, a 
common mould, a Ohara, a fern, and 
some flowering plant ; among animals 
we examine sucli things as an Afucebit, 
a FoJ-fieeKa, and afresh- water polype. 
Wo dissect n star lish, an ear h- 
worm, a. snail, a squid, and a fresh- 
water mussel. We examinu a lobster 
and a cray-tish, and a black-beetle. 
We go on W a common akale, a cod- 
fish, a fi'og, a tortoi.se, a pigeon, and a 
rabbit, and that takes us about all the 
time we have lo give. The purpose 
of this uoui-se b not to make skilled 
dissectoi-s, but to give L'very studeutSi ■ 
clear aDddefinitecoiiception.by meanK I 

images, ot the characteristis 
structure of each of the leadiiig modi- 
fications of the animal kingilom ; and 
thatis perfectly possible, by goingno 
further than the length of that list of 
foims which I have enumerated. If a 
man knows the structure of the ani- 
mals I have mentioned, he has a clear 
and exact, however limited, appre- 
hension of the essential features of 
the organization of all those great 
divisions of the animal and vegetable 
kingdoms to which the forms 1 have 
mentioned severally belong. And it 
then becomes possible for h^u to read 
with profit ; because every t'me he 
meet« with the name of a structure^ 



be has a. ilefiiiite image iii liU mind ot 
what the namu lueiina in tiic parliuu- 
lai' creatiu-e he is reading about, and 
therefore the reading is not mere 
rcocliug. It is not mere repetition of 
words ; but every term employed in 
the dsjcriplion, we will eay, uf ahorae, 
or of an oluphant, will call up the 
image of the thiiiga he had eeeu in 
the rabbit, and ho is able to form a 
distinct coticeptioii of that which he 
has not seen, as a modification of 
that which be has seen. 

I find ihia ayBtem to yield excellent 
reaiiltK ; and I have no hesitation 
wliatever in saying lliat any one who 
has gone tlii'imgh such a course, at- 
tentively, is in a better position to 
form a conception of the great trntfas 
of Biology, especially of morphology 
(whiuh is what we diietiy deal with), 
than if we meroiy read all the books 
on that topic put together. 

The ci)iinect.ion of this discourse 
with tlio Loan Collection of Scientific 
Apparatus arises out of the exhihi- 
tiuii in that coileutiun of certain aids 
to our laboratory work. Such of you 
as have visited that very interesting 
collection may have noticed a aeries 
of dijgrams and of preparations iilus- 
traiiiigtho structure of a frog. Those 
diagi-31113 and jireparations have been 
made for the nso of the students 
in the biological laboratoiy. Similar 
diagrams and preparations illus- 
trating the structure of all the 
other forms of life wc examine, 
are either made or in course of 
preparation. Thus the student has 
before him, firfit, a picture of the 
structure he ought to see; secondly, 
the structure itself worked out; and 
if with these aids, and such needful ^ 
explanations and practical hints as a 
demonstrator can supiily, he cannot 
make out the fuels for h inself in the 
materials supplied to him, he had 
better take to some other pursuit than 
that of biological science. 

I should have been glad to have 
said a few worfs about the use of 
museums inlhe study of Biology,but I 
Aee that my time is becoming short, 
•ad I have yet another question to 



answer. Xevertiifless f nmst, at th« 
risk of wearying yon, say a word or 
two upon the important subject of 
museums. Without doubt there are 
no helps to the study of Hio'ogy, or 
rather to sonic branches of it, which 
are, or may be, more important than 
natural history museuma ; but, la 
order to take this place in regai-d to 
Biology, they must be museums of the 
future. The museums of the present 
do not, by any means, do so rauoh for 
,8 they might do, I do not wish 
larticularize, but I dare say many 
of you, seeking knowledge, or iu the 
laudable desire to employ a holiday 
usefu!ly,have visited some great natu- 
ral history mtiseum. You have walked 
through a quarter of a mile of ani- 
mals, more or less well stuffed, with 
their long names written out under- 
neath them; and, unless your eirpc- 
rience is very different from tliat of 
most people, the upshot of it all ia 
that you leave that splendid pile witli 
sore feet, a bad headache, and a, gen- 
eral idea that the animal kingdom ia 
a "mighty maze without a plan." 1 do 
not think that a museum wMohbrings 
about this result does ail that may be 
reasonably expected from such an in- 
stitution. What is needed in a collec- 
tion of natural history is that it 
should be uiade as accessible and as 
useful as possible, on the one hand to 
the general public, and on the other 
to scientific workers. That need is 
imt met by constructing a sort of 
happy hunting-ground of miles of 
glass cases ; and, under ihc pretence 
of exhibiting everything, putting the 
maximum amount of obstacle in the 
way of those who wish properly to see 
anything. 

What the public want is easy and 
unhindered access to such a collection 
as they cau understand aud appreci- 
ate ; and what the men of science 
want is similar access to the materi- 
als of science. To this end the vasS 
mass of objects of natural history 
should bo divided into two paits — 
one open to the public, the other to 
men of science, every day. The 
former division should orempl 
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all the more impoitsnt and inter- 

esliog forms of life. Explana- 
tory tablets should be attached to 
them, aud catalogues containing 
clearly- written, popular expositions 
of the genera! signitioance of the ob- 
jects exhibited tihould be provided. 
The latter should contuin, packed iuto 
a comparatively sinnll space, in rooms 
adapted for working purposes, the 
objects of pnrely scientitic interest. 
For example, we wiil say I am an 
ornithologist. I go to examine a col- 
lection of birds. It is a positive nui- 
sance to have them stuffed. It ia not 
only sheer waste, but I have to reckon 
with the i'leas of the bird-stuffer, 
while, if I have the Hkin and nobody 
has iulerfeied with it, I can form my 
own judgment as to what the bird 
waa like. For ornithological pur- 
poses, what is needed is not glass 
cases full of atu&ed birds on perches, 
but convenient drawers into each of 
which a great quantity of skins will 
go. They occupy no great space, and 
do not require any eKpendilure be- 
yond their original cost. Bui for the 
edi&cation of the public, who want to 
learn indeed, but do not geek for mi- 
nute and technical knowledge, the 
case is different. What one of the 
general publiu walking into a collec- 
tion of birds desires to see ia not all 
the birda that can be got together. 
He does not want to compare a hiin- 
ttreA 8|)ecies of the sparrow tribe side 
by aide ; but he wishes to know what 
a bird is, and what are the great 
modilicationij of bird structure, and 
to be able to get at that knowledge 
easily. What will best serve his pur- 
pO:ie is a comparatively small number 
of birdbi cari'f uily selected, and artisti- 
awlly, as well as accurately, set up; 
with their different ages, their nests, 
their young, their eggs, and their 
skeletons side by side ; and in accord- 
ance with the admirable plan which 
IB pursued in this museum, a tablet, 
telbng the apectalor in legible char- 
acters what they are and what they 
mean. For the instruction and recre- 
ation of the public such a typical col- 
lection would ba of far greater value 



than any many-acred imitatlou of 
Noah's ark. 

LaHtly comes the question as to 
when biological study may best be 
pursued. 1 do not see any valid rea- 
son why it should not be made, to a| 
certain extent, a part of ordinary' 
school training. I have long advo- 
cated this view, and I am perfectly 
certain that it can he carried out wiiii 
ease, and not only with ease, but with 
very considerable profit to those wlio 
are taught; but then such instruction 
must be adapted to the minds and 
needs of the scholars. They used to 
have a very odd way of teaching the 
classical languages when I was a boy. 
The lirat task set you was to learn the 
rules of the Latin grammar in tht- 
Latin language — that being the Ian - 
guage you were going to iearn ! I 
thought then that this was an odd 
way of learning a language, but did 
not venture to rebel against the judg- ' 
ment of my superiors. Now, pertiaps, 
I am not so modest as I was then, and 
I allow myi^elf to think that it was a 
very absurd fashion. But it would 
be no leas absurd, if we were to set 
about teaching Biology by putting 
into the hands of boys a series of de- 
finitions of the clauses and oidere of 
the animal kingdom, and making 
them repeat them by heart. That is 
so very favorite a method of teaching, 
that 1 sometimes fancy the spirit uf 
the old classical system has entered 
into the new soienlific system, in 
which case I would much ratliur th.it 
any pretence at scientific teaching 
were abolished altogether. What 
really has to be done is to get into 
the young mind some notion of what 
animal and vegetable life is. In this 
matter, you have to consider practi- 
cal convenience as well as other things. 
There are difSculties in the way of a 
lot of boys making messes with slugs 
and snails ; it might not work in prac- 
tice. But there is a very conven;ent 
and handy animal which eveiybody 
has at hand, and that is himself ; Uia 
it is a very easy and simple matter to 
obtain common plants. Hence th« 
general truths of anatomy and physi- 
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ology oan be taught to young people 
iu a very real fiisliion by dealiug with 
ihe broad facts of human structure. 
Such viscerft as they caonot very well 
examine in themselves, such as hearte, 
luiigB, and livers, may oe obtained 
from the nearest butcher's ehop. In 
re poet, to teaching something about 
1 111' lnrjloi,-y of plants, there is no prac- 
liual dilliutilty, becanse almost any of 
ihe uomiuon plants wilt do, and plants 
(io not make a. mess — at least they do 
not make an unpleasant mesa ; so 
that, iiniiy judgment, the beat form of 
Biology for teaching to very young 
people is elementary human physiol- 
ogy on the one hand, and the eluniciits 
of botany on Die other; beyond that 
I do liOi^ tliink it will be feasible to 
advance for some time to come. But 
then I sec no reason why, in second- 
ary schools, and in the Science Cias 
ses which are under the control of 
the Science and Art Department — 
and which I may say, in passing, 
have, in my judgment, done so very 
much for the diffusion of a knowledge 
of science over the country — we 
should not hope to see instruction in 
the elements of Biology carried out, 
not perhaps to the same extent, but 
still upon somewhat the same prin- 
ciple aa here. There is no dilHculty, 
when you have to dual with studenia 
of the agea of 15 or 16, in practicing 
a little dissection and in getting a 
notion of, at any rate, the four or tive 
great modifications of the animal 
Forni J and the like is true in regaivi 
to the higher anatomy of plants. 

While, lastly, to all those wlio are 
studying biological seienco with a 
view to their own edification merely, 
or with the intention of becoming 
Booiogiats or botanists; to all those 
who intend to pursue physiology— 
and especially to those who propose 
to employ the working yeai-s of their 
lives in the practice of medicine -I 
say that there is no training so fitted, 
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or which may be of snch important 
service to them, as the discipline in 
practical biological work which I have 
sketched out aa being pursned in the 
laboratory hard by. 

I may add thai, beyond all these 
different classes of peiaons wlio mny 
profit by the study of Biul^py, there • 
is yet one other. I renleiiiher, a 
number of years ago, t.liat a gentle- 
man who was a vehement opponent 
of Mr. Darwin's views and had writ- 
ten some tei'idble acticles agidust 
them, applied to me to know what 
was the heat way in which he could 
acquaint hiin^'elf wiih the strongest 
arguments in favor of evolution. I 
wrote back, in all good f uitli nnd sini- 
plioity, recommending him to go 
through a course of comparaiive 
auattiiny and physiology, and then to 
study development. I am sorry to 
Bay he was very much displeased, as 
people often are with good advice. 
Notwithstanding this discourag ngrs- 
snlt, I venture, as a parting word, tore- 
peat the suggestion, and to say to all 
the more or less acute lay and clerical 
" paper-philoBophei'B "■ who venture 
into the regions of biological contro- 
vei'sy — Get a little sound, thorough, 
practical, elemeutaiy instTUcliou Id 
biology. 



• Wntera of this stamp a.3 t'.>nd of 
talking alwut the D,iconiaii m.'tbiid. t 
bf^ them, thurettire, to lay to lieiirt tliesu 
two weiRhty flajin_a of thu heruM of 
Modem Science ; 

" Syolli'fiisnitis ex propoaitinnibUHCon- 
alttt, propiiaiiionea es veiliia, verlia no- 
tionu'.n tcBBurie aimt. [•,<]iie si nT'tionee 
ipsiB I id gy.ed baaix rei ett . confusfB aiai et 
teincre a rebus ulistmcite, niliil iu iioqiuB 
BMperitr .untiir est firmitailiuid. — ''jNo- 

'■ Huic Butem vanilati noimulli ea 
modcrnia summii It^viiate i!n indiilaerunt, 
nt in primo capitalo Qenpseosft n liliro 
Jiib et aids ecripturia sacria. pliiii>!^oph- 
iam n'ltnrali^m liindiire coniili sint ; inter 
vwo» qwsre.Ktea i/itrtuo.''— JJwi.,U5. 
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